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THE   RELATIVE    TRANSPIRATION    OF   WHITE    PINE 

SEEDLINGS^ 

GEORGE  P.  BURNS 
University  of  Vermont,  Burlington,  Vermont 

The  study  of  plant  ecology  and  the  study  of  many  phases  of 
agriculture  and  forestry  have  emphasized  most  clearly  the  neces- 
sity for  a  scientific  study  of  the  habitat  and  the  importance  of 
the  habitat  upon  the  distribution  and  development  of  the  plant. 

The  ecologist  works  with  a  group  of  plants  which  forms  the 
society  of  plants  in  a  given  habitat.  This  society  is  named 
after  one  or  more  of  the  leading  plants  in  the  society — maple- 
beech,  heath,  Carex  filiformis,  etc.  The  plant  society  of  the  ag- 
riculturahst  and  the  forester  usually  consists  of  one  species  or 
variety  growing  in  larger  numbers. 

The  ecologist  attempts  to  work  out  the  distribution  of  plants 
and  to  discover  the  laws  which  determine  such  distribution.  He 
seeks  to  locate  the  present  region  where  conditions  are  best  suited 
for  the  development  of  any  given  species  or  plant.  He  has 
determined  that  the  requirements  in  the  habitat  are  more  and 
more  rigid  the  farther  a  plant  gets  from  such  region^its  center 
of  distribution. 

Such  data  are  of  the  greatest  knportance  to  the  agriculturalist 
and  the  forester,  as  they  indicate  the  possible  regions  of  growth 
for  any  plant  and  would  furnish  the  basis  for  planning  experi- 
mental work. 

Much  of  the  work  of  the  early  ecologist  has  been  descriptive, 
and  the  value  of  each  contribution  depends  largely  upon  the 
training  and  ability  of  the  individual  writer— thus  bringing  in  a 
very  large  margin  of  error. 

A  second  group  of  contributions  begins  with  a  detailed  and 

»  Read  at  the  Atlanta  meeting  of  the  Botanical  Society  of  America,  1913. 
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sometimes  lengthy  description  of  the  meteorological  conditions 
of  the  region  under  consideration.  These  are  usually  taken  fi-om 
the  nearest  station  of  the  United  States  \\'eather  liureau,  and 
include  sunshine  records,  air  temperature  records,  wind  records, 
etc.  The  next  section  in  these  i)apers  gives  a  detailed  account 
of  the  plant  societies  of  that  region,  tlieir  distribution,  history  of 
their  development,  facts  concerning  the  water,  etc.,  of  the  habitat, 
but  one  looks  in  vain  for  any  important  use  of  the  data  obtained 
from  the  Weather  Bureau.  The  writer  feels  that  there  is  a  mean- 
ing, and  feels  it  so  strongly  that  he  includes  the  data  in  his  con- 
tribution, but  he  is  at  a  loss  to  know  what  they  mean  in  terms  of 
the  plant. 

A  third  grouj)  of  (H-ologists,  realizing  that  they  can  not  use 
to  good  advantage  the  data  from  the  Weather  Bureau,  has 
attempted  to  gather  their  own  data,  limiting  themselves  for  the 
most  part  to  a  study  of  evaporation.  IMany  valuable  data  are 
being  collected  by  this  group  of  workers.  The  method  consists, 
roughly,  in  determining  the  amount  of  water  evaporated  from 
porous  cups  in  different  habitats.  These  cups  are  usually  placed 
near  the  surface  of  the  ground  even  when  determining  the  evap- 
oration in  forest  societies. 

A  fourth  group  of  ecologists  is  studying  the  effects  of  me- 
teorological conditions  on  plant  activities.  Recording  instru- 
ments for  percentage  of  sunshine,  percentage  of  humidity,  air 
temperature,  soil  temperature,  etc.,  are  placed  not  at  some  high 
elevation  above  the  plant  society  under  consideration,  but  under 
the  same  conditions  as  those  in  which  the  plants  are  working. 

For  example,  Livingston  has  attempted  to  determine  the  rela- 
tion of  the  evaporation  from  the  porous  cup  to  the  transpiration 
from  a  given  plant.  He  believes  that  the  porous  cup  is  the  best 
means  yet  devised  for  measuring  the  factors  which  influence 
evaporation.  But  such  data  of  themselves  are  not  valuable 
until  the  relation  of  the  evaporation  from  the  porous  cup  to  the 
transpiration  from  the  livang  plant  can  be  determined.  He, 
therefore,  works  out  the  sun-shade  ratio  for  white,  black  and 
brown  atmometers,  and  several  plants.  This,  to  my  mind,  is 
one  of  the  most  promising  fields  of  research  in  ecological  botany. 
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The  final  answer  to  questions  raised  by  the  ecologists  can  only 
be  found  by  experimental  work,  as  in  any  other  line  of  botany. 

During  the  past  thi-ee  seasons  the  writer  has  been  studying 
the  evaporation  from  porous  cups  placed  in  seed  beds  in  the 
Vermont  State  Forest  Nursery,  and  the  present  paper  is  an  at- 
tempt to  express  the  results  of  evaporation  from  the  white  and 
black  atmometers  in  terms  of  transpiration  from  the  seedlings  of 
Pinus  strobiis. 

It  is  not  necessary  to  describe  in  detail  the  seed  beds.  The 
usual  nursery  bed  was  used.  These  are  12  feet  long,  4  feet 
wide  surrounded  by  a  frame  1  foot  high.  Three  kinds  of  covers 
were  used.  One  was  covered  with  wire;  a  second,  half  covered 
with  lath;  and  a  third,  entirely  covered  with  lath.  In  each 
bed  were  placed  black  and  white  atmometers.  The  amount  of 
transpiration  was  determined  by  weighing  plants  which  had  been 
preA-iously  potted.  The  data  recorded  represents  the  result  of 
15  four-hour  periods  during  the  first  half  of  August,  1913. 

The  effect  of  external  conditions  upon  the  various  objects 
used  in  the  experiments  showed  only  a  general  agreement  be- 
tween evaporation  and  transpiration.  In  the  no-shade,  half- 
shade  and  full-shade  beds  the  agreement  of  the  atmometers  was 
rather  striking.  In  comparing  the  plants  with  the  atmometers, 
it  was  seen  that  although  the  response  was  not  similar,  yet  there 
was  a  closer  relation  between  the  black  atmometer  and  plants 
than  between  the  white  atmometers  and  the  plants. 

Using  the  black  atmometer  as  a  basis  for  comparison,  it  was 
found  that  the  relative  transpiration  (transpiration  divided  by 
evaporation)  in  the  three  beds  was  as  follows: 

No  shade 0  0633' 

Half  shade 0.0346 

Full  shade 0  008S 

With  these  coefficients  it  is  possible  to  calculate  the  transpira- 
tion from  the  white  pine  seedlings  from  the  evaporation  from  a 
second  set  of  black  atmometers  which  had  been  running  all 

'  In  the  report  of  the  secretary  of  the  Botanical  Society  given  in  Science  New 
Series  Xo.  998  p.  2o9  some  of  these  values  were  out  of  order. 
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season.  I'igured  on  this  basis,  from  the  beginning  of  the  vege- 
tation period  to  the  time  of  the  exi)eriment  it  was  possible  to 
dctenninc  that  the  approximate  amount  of  water  transpired  from 
each  tree  was  as  follows: 

No  shade 21  x  cc. 

Half  shade 8  x  cc. 

Full  shade x  cc. 

That  is,  the  seedling  in  no-shade  used  21  times,  and  the 
seedling  in  half-shade  used  8  times  as  much  water  as  the  one 
in  full-shade. 

The  questions  naturally  arise  which  was  the  best  tree,  which 
had  the  greatest  amount  of  ash,  what  was  the  chemical  composi- 
tion of  these  trees? 

Trees  harvested  July  31  were  about  8  to  10  weeks  old.  The 
average  green  weight  of  the  trees  based  upon  the  weight  of 
500  seedlings  in  the  case  of  the  "no-shade"  and  "half-shade" 
trees  and  upon  the  weight  of  1000  seedlings  in  the  "full-shade" 
trees,  was  as  follows: 

Green  weight        Dry  weight 

Noshade 0.304s  0.06.3</ 

Half  shade 0.166  0.034 

Full  shade 0.090  0.010 

The  dry  weight  of  the  plant  produced  in  "no-shade"'  was  a 
little  more  than  six  times  as  great  as  that  produced  in  "full- 
shade,"  and  the  plant  produced  in  "half-shade"  was  almost 
three  and  a  half  times  as  heavy  in  dry  weight  as  the  "full-shade" 
plants  only  about  one-half  as  heavy  as  the  "no-shade"  plant. 

The  ash  content  of  the  plants  was  next  determined  and  is 
here  given  in  percentage  of  dry  weight  only.  This  showed  that 
the  total  ash  content  was: 

Xo  shade 8-29% 

Half  shade 9.357c 

Full  shade 10.20T'f 

The  nitrogen  content  for  the  three  trees  in  percentage  of  dry 
weight  was: 
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No  shade 2. 18 

Half  shade 2.70 

Full  shade 6.89 

These  figures  show  that  there  was  a  difference  in  the  material 
taken  from  the  soil  by  the  three  plants. 

Returning  to  the  figures  given  for  transpiration,  it  is  seen 
that  the  plants  which  transpired  the  most  water,  the  plants  in 
no-shade  beds,  contained  the  smallest  per  cent  of  ash  and  that 
the  plants  which  transpired  only  one-twentieth  as  much  water 
contained  the  largest  percentage  of  ash.  Again  taking  the  total 
amount  of  ash  absorbed,  it  is  seen  that  there  is  no  very  evident 
relationship  between  the  amount  of  water  absorbed  and  the 
amount  of  ash  taken  up,  twenty  times  the  water  is  accompanied 
by  only  five  times  the  ash;  eight  times  the  water  by  three  times 
the  ash.  The  plants  then  are  able  not  only  to  select  the  minerals 
which  they  take  from  the  soil  but  also  to  control  the  degree  of 
concentration  of  the  solution  which  enters  the  root  hairs. 

Pfeffer  in  describing  the  experiment  of  Schlosing,  who  found 
that  tobacco  plants  growai  under  bell  jars  did  not  grow  as  well 
as  others,  says — "Though  a  variety  of  other  factors  enter  into 
play  here,  such  experiments  suffice  to  show  that  transpiration 
favors  the  absorption  of  the  constituents  of  the  ash."  This 
statement  should  be  closely  questioned — when  applied  to  our 
pine  seedlings.  Oven  has  shown  that  even  a  clear  glass  cover 
greatly  increases  the  nitrogen  content  and  from  the  fact  that  the 
plants  in  full-shade  and  half-shade  beds  already  have  a  surplus 
of  ash  over  the  no-shade  or  normal  plants,  it  seems  highly  prob- 
able that  some  of  the  other  factors  may  be  more  important  in 
determining  the  amount  of  ash  absorbed.  The  lack  of  growth  of 
seedlings  in  full-shade  cannot  be  due  to  lack  of  water  or  the 
amcjunl  of  ash.  Lubiniiiiko  remarks  that  pea  pods  grown  in 
the  dark  seem  to  have  a  liigher  percentage  of  ash.  He  asso- 
ciates the  percentage  of  ash  with  light  rather  than  transpiration. 
According  to  the  work  of  Pagnoul  and  Oven,  the  nitrogen  con- 
tent of  sugar  beets  and  potatoes  increase  as  much  as  ten  times 
wlioii  plants  are  grown  in  the  shade.     Oven  associates  this  with 
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absorption  and  assimilation  and  Pagnoul  says  that  in  the  shade 
the  nitrogen  salts  cannot  he  used. 

The  data  on  white  pine  show  no  such  great  differences  in 
nitrogen  content  in  the  no-shade  and  full-shade  trees.  White 
pine  seedlings  contain  only  about  three  times  as  mur'li  nitrogen 
when  grown  in  the  full-shade. 

The  data  given  in  this  paper  indicate  that  the  explanation 
of  the  differences  in  size  and  chemical  composition  of  the  three 
groups  of  trees  must  be  sought  along  the  line  of  photosynthesis 
and  assimilation  rather  than  along  the  line  of  absorption  and 
transpiration. 


AN  IMPROVED  NON-ABSORBING  POROUS  CUP 
ATMOMETER 

JOHN   W.    SHIVE 

The  Johns  Hopkins  Unircrsitij,  Baltimore,  Md. 

Since  Livingston's'  description  of  the  rain  correcting  atmometer 
appeared  in  1910,  a  large  number  of  these  instruments  have  come 
into  use.  Up  to  the  present  time,  however,  the  instrument  has  had 
the  disadvantage  of  not  being  self-contained.  The  automatic 
mercury  valves  which  operate  to  prevent  the  water,  absorbed 
by  the  porous  cup  in  times  of  rain,  from  entering  the  reservoir, 
are  externally  situated.  This  renders  the  valves  liable  to  break- 
age and  rather  difficult  of  adjustment.  For  this  reason  it  seemed 
well  to  modify  the  instrument  in  such  a  way  as  to  be  self-contained 
and  at  the  same  time  to  reduce  the  habiUty  of  breakage  and  the 
difficulty  of  adjustment  to  a  minimum.  With  this  end  in  view 
the  present  form  of  the  instrument  was  devised. 

The  arrangement  of  the  different  parts  of  the  instrument  is 
showni  in  diagi'am  in  figure  1.  From  the  reservoir  {F)  two  glass 
tubes  (A  and  B)  extend  upward  through  a  paraffined  cork  stop- 
per, and  then  through  a  two-perforate  rubber  stopper  into  the 
porous  cup,  one  passing  to  the  tip  of  the  cup,  the  other  just  to 
the  upper  surface  of  the  rubber  stopper.  These  tubes  are  of 
small  bore,  about  0.8  mm.  inside  diameter.  Each  is  bent  into  a 
U  and  continued  upward  as  A '  and  B'.  One  (.1 ')  extends  through 
the  paraffined  cork  stopper  and  ends  about  .3  cm.  above  it.  The 
other  iB')  extends  upward  6  cm.  to  8  cm.  and  is  again  bent  into 
a  U  (inverted),  thus  forming  a  loop,  and  terminates  near  the 
bottom  of  the  reservoir.  The  tube  B  is  expanded  into  a  small 
bulb  C,  at  its  lower  extremity,  and  the  tube  A',  is  expanded  into 
a  similar  bulb  1  cm.  to  2  cm.  from  its  lower  end.     The  tube  E, 

'  Livingston,  B.  E.,  .'V  rain-correcting  atmometer  for  ecological  instrumentation. 
Plant  World  13:  79-82,  1910. 
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is  about  1.2  cm.  in  diameter,  and  forms  a  shallow,  inverted  funnel 
with  the  lower  surface  of  the  paraffined  cork  stopper.  This 
serves  to  conduct  air  bubbles,  which  may  catch  on  the  under 
surface  of  the  stopper  in  filling  the  reservoir,  to  the  exterior. 
The  tube  extends  5  cm.  above  the  cork  stopper,  and  is  graduated 
to  tenths  of  cubic  centimeters.  The  zero  point  on  the  tube 
serves  as  a  zero  point  in  filling  the  reservoir. 

To  install  the  instrunient  the  paraffined  cork  stopper,  into 
which  the  tubes  A  A',  B  and  E,  have  been  properly  fitted,  is 
tightly  appressed  into  the  mouth  of  the  reservoir  F.  A  suffi- 
cient amoimt  of  clean  merciu'j^  is  allowed  to  fall  from  a  pipette 
into  the  openings  in  the  upper  end  of  each  of  the  tubes  A'  and  B, 
to  form  a  column  5  cm.  to  6  cm.  high  in  tube  A',  and  slightly 
more  than  this  in  tube  B.  After  the  porous  cup  has  been  placed 
in  position  and  the  reservoir  filled  with  distilled  water,  a  rubber 
tube  is  attached  to  the  free  end  of  the  filling  tube  A',  and  gentle 
suction  is  applied.  Water  rises  from  the  reservoir  into  the  tube 
B',  at  the  same  time  that  the  mercmy  in  this  tube  is  drawn  into 
the  bulb  C,  where  water  passes  freely  and  rises  in  the  tube  B, 
filling  the  porous  cup.  WTien  the  cup  is  filled  water  passes  into  the 
tube  A  A',  the  mercury  in  this  tube  having  been  drawn  into 
the  bulb  D,  where  the  water  is  allowed  to  pass  freely  and  escape 
into  the  rubber  tube,  which  is  then  removed.  The  mercury  in 
the  bulbs  C  and  D,  drops  back  into  the  tubes  below.  To  prevent 
water  loss  from  the  reservoir  by  evaporation  through  the  tube  E, 
and  to  prevent  the  entrance  of  water  through  this  tube  from 
without  in  times  of  rain,  a  vial  is  placed  over  the  end  of  this  tube. 
A  suitable  vial  is  also  placed  over  the  end  of  the  tube  A',  to  ex- 
clude dirt.     The  instrument  is  now  ready  for  operation. 

To  replace  the  cup  \\ith  a  new  one  it  is  only  necessarj-  to  re- 
move the  old  cup  from  its  support  and  to  place  the  new  cup  into 
position,  after  which  suction  is  applied  to  the  tube  A',  as  in  in- 
stalling. 

As  water  evaporates  from  the  surface  of  the  cup,  the  mercury 
rises  in  tube  A,  and  falls  in  tube  A',  coming  to  rest  with  the 
mercury  level  in  A,  slightly  highei-  than  in  A',  the  difference  in 
the  height  of  the  two  columns  depending  upon  the  height  of  the 
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cup  above  the  water  level  in  the  reservoir.  The  mercury  in  B 
B',  is  drawn  into  the  bu'.b  C,  where  water  rising  from  the  reser- 
voir is  freely  allowed  to  pass,  sui)plyiiig,  in  the  usual  way,  the 
water  lost  from  the  surface  of  the  cup.  The  mercury  colunms 
in  the  tube  A  A',  and  B  B',  remain  in  e(|uilibrium  in  the  position 
indicated  in  figure  1,  so  long  as  the  water  lo.ss  from  the  surface 
of  the  cup  by  evaporation  equals  or  exceeds  the  absorption 
from  without  by  any  part  of  its  surface.  In  times  of  rain,  when 
the  water  loss  from  the  surface  of  the  cup  by  evaporation  is  less 
than  the  absorption  from  withovit,  the  automatic  mercury  valves 
become  reversed.  The  mercury  column  falls  in  A,  and  rises  in 
A',  at  the  same  time  that  the  mercury  in  bulb  C,  drops  into  the 
tube  below  and  rises  in  the  tube  B'  (the  height  to  which  the  mer- 
cury rises  in  this  tube  depending  upon  the  height  of  the  cup  above 
the  water  level  in  the  reservoir),  thus  effectually  preventing 
water  from  entering  the  reservoir  from  this  direction.  The 
readings  obtained  give  the  actual  cvai)oration  minus  the  error 
introduced  by  the  volume  change  required  for  the  operation 
of  the  mercury  valves,  the  value  of  the  error  thus  introduced 
depending  upon  the  number  of  complete  reversals  of  the  valves. 

Harvey^  has  estimated  the  error  pennitted  by  the  Livingston 
mercury  valves  to  be  no  greater  than  0.01  cc,  assuming  the 
glass  tubing  used  to  have  an  inside  diameter  of  approximately 
0.8  nun.  and  assuming  the  cup  to  ))e  not  more  than  30  cm.  above 
the  water  level  in  the  reservoir.  In  the  present  modified  form  of 
the  instrument  the  volume  change  required  for  the  operation 
of  the  automatic  mercury  valves  is  no  greater  than  that  esti- 
mated by  Harvey.  It  is  evident,  therefore,  that  the  error 
involved  in  one  or  several  complete  reversals  of  the  valves  is 
quite  negligible  excepting  in  cases  where  extreme  accuracy  is 
essential. 

'  Harvey,  E.  M.,  The  action  of  the  rain-coirocting  atniometer.  Phint  World 
16:  S9-9.3,  1913. 


A   MANOMETER    :METH0D    OF    DETERMIXIXG    THE 
a\PILL.\EY  PULL  OF  SOILS 

W.  A.  CAXXOX 
The  Desert  Laboratory,  Tucson,  Arizona 

The  apparatus  to  be  briefly  described  has  been  in  use  bj'  the 
vsriter  at  the  Desert  Laboratory  for  two  j^ears  and  has  been 
found  of  ser\'ice  as  a  convenient  means  of  determining  the  capil- 
lar j-  pull  of  soils  used  in  experimental  work.  No  attempt  is 
here  made  to  relate  the  results  to  be  given  with  results  achieved 
by  using  the  direct  method  of  measuring  the  ascent  of  water, 
which  is  the  method  conmionly  employed,  ^^^lether  the  results 
of  the  two  means  of  determining  the  capillaritj^  are  comparable, 
as  they  possibly  are,  is  not  germane  to  the  present  purpose. 

As  used  the  apparatus  is  very  simple  and  can  be  put  together 
in  a  few  minutes  in  any  laboratory.  It  consists,  in  brief,  of  a 
U-shaped  mercury  manometer,  with  open  ends,  and  a  soil  con- 
tainer holding  about  500  cc,  and,  in  addition,  a  reservoir  of  about 
500  cc.  capacity  for  water.  The  reservoir  is  connected  with  a 
T-shaped  glass  tube  having  a  three-way  cock.  A  rubber  tube 
connects  one  free  end  of  the  T-tube  with  the  manometer,  and 
another  rubber  tube,  which  should  be  relatively'  long,  connects 
the  tliird  end  of  this  tube  with  the  soil  container.  The  various 
portions  are  easily  attached  bj'  clamps  to  a  horizontal  iron  rod 
which  is  fastened  to  a  ring-stand. 

When  the  several  parts  of  the  appai-atus  are  assembled  water 
is  put  in  the  reservoir  and  the  whole  is  so  manipulated  that 
water,  to  the  exclusion  of  anj^  au-,  fills  the  tubes  which  unite  the 
container,  the  reservoir,  and  the  manometer.  The  reservoir 
and  the  container  are  about  on  the  same  level  so  that,  if  the  cocks 
are  left  open,  water  will  stand  equalh'  near  the  upper  edges  of 
both. 

After  the  rubber  tubes  and  the  uniting  glass  tulles  are  filled 
with  water  the  reservoir  should  be  .somewhat  more  than  half 
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full.  With  the  cocks  joining  the  reservoir  and  the  container 
open,  so  that  water  may  flow  between  the  two,  the  container 
is  raised  or  lowered  sufficientlj'  to  bring  the  water  in  it  to  a  di'pth 
of  about  2  cm.  when  the  cocks  are  closed.  A  small  plug  of  gla.ss 
wool  is  jiut  in  the  bottom  of  the  container,  to  i)i'('\-ent  the  escape 
of  the  soil,  and  all  air  is  removed  from  the  wool  by  gentle  pack- 
ing.    The  apparatus  is  then  ready  for  the  introduction  of  soil. 

The  actual  manipulation,  so  far  -as  is  necessary  to  give  it  in 
detail,  is  as  follows:  The  container  is  filled  with  soil.  The  cocks 
are  open,  permitting  the  rise  of  water  and  its  flow  out  of  the 
reservoir,  and  the  soil  is  at  once  run  through  several  times  with 
a  small  glass  rod.  The  last  operation  is  for  the  purpose  of  pro- 
moting the  settling  of  the  soil  as  well  as  to  prevent  the  premature 
collecting  of  air  bubbles  at  the  bottom  of  the  soil  container. 
All  of  this  time,  it  should  be  understood,  the  water  is  flowing 
freely  from  the  reservoir  into  the  container  and  is  rising  in  the 
soil.  As  soon  as  the  soil  appears  to  be  unifoi'mly  settled  the 
cock  beneath  th(>  reservoir  is  so  turned  as  to  cut  off  the  flow  of 
water  from  it  and,  at  the  same  time,  to  connect  the  container 
with  the  manometer.  The  position  of  the  mercury  is  observed 
at  this  moment  and  the  rise  is  watched  until  the  upward  move- 
ment ceases,  or  until  the  mercury  falls.  The  uppermost  point 
reached  by  the  mercury  is  considered  the  measure  of  the  capillary 
pull  of  the  soil  under  the  conditions  of  the  test. 

When  the  mercury  falls  the  experiment  is  ended.  If  it  is 
desirable,  as  it  generally  is,  to  repeat  the  test,  and  if  there  are  no 
air  bubbles  in  the  bottom  of  the  soil  container,  it  can  be  done  in 
one  of  two  ways.  Either  the  soil  can  be  removed  and  the  test 
begun  anew,  as  must  happen  should  air  be  found  in  the  bottom 
of  the  container,  or  the  following  manipulation  can  be  resorted 
to.  W'ater  is  immediately  run  into  the  container  and  the  soil 
is  run  tlirough  with  a  glass  rod,  after  which  the  water  is  turned 
off  and  the  position  of  the  mercury  noted  and  its  rise  observed 
as  before.  This  oi)eration  can  usually  be  repeated  several 
times  before  the  collection  of  air  bubbles  in  the  bottom  of  the 
soil  compels  the  termination  of  the  test. 

As  illustrating  typical  results  the  following  experiments  can 
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be  cited.  Tests  of  sand,  and  of  adobe,  separate  and  mixed, 
were  made.  "\Mien  mixed,  eciual  parts  of  each  were  taken.  In 
all  cases  the  largest  soil  particles,  or,  more  exactly,  intrusions, 
like  small  pebbles,  were  removed  by  passing  the  soils  through  a 
coarse  sieve.  After  this  each  kind  of  soil  tested  was  separated 
into  two  parts  by  sifting  thi-ough  sieves  of  two  sizes,  namelj'^, 
20-mesh  and  40-mesh  (that  is,  20  and  40  meshes  to  the  inch). 
Repeated  tests  were  made  in  every  instance.  For  the  mixed 
soil,  the  highest  point  reached  by  the  mercurj'  was  22.5  mm. 
The  20-mesh  sand  registered  6  mm.,  and  the  40-mesh  sand,  9.5 
mm.  Unsifted  adobe,  20-me.sh,  stood  at  18  mm.,  and  40-mesh, 
.  25  mm.  The  capillary  pull  of  the  sifted  adobe  soil  is  not  easily 
determined,  owing,  probably,  to  its  peculiar  phj'sical  nature. 
An  interesting  and  characteristic  quality  of  the  tests  with  sand, 
especially  the  coarse  sand,  is  that  the  mercurv  rises  very  quickly 
at  first,  but  for  a  brief  time,  after  which  it  maintains  an  even 
height  for  a  long  period.  For  example,  the  mercury  in  a  test 
with  40-mesh  sand  remained  at  9.5  mm.  for  over  three  hours. 

Other  results  might  be  given  as  well,  but  those  presented  are 
sufficient  to  show  the  behavior  of  the  soils  mentioned  as  regards 
the  quality  in  question.  It  is  recognized  that  the  method  is 
not  without  theoretical,  and,  possibly,  practical  objections.  Of 
these,  possibly  the  most  serious  is  the  inevitable  difference  be- 
tween soils,  even  of  the  same  kind,  when  treated  in  such  tests, 
as  regards  their  compactness.  To  this  it  can  be  suggested  that 
settling  under  water,  and  parallel  treatment  otherwise  .so  far  as 
possible,  makes  the  objection  possibly  less  serious  for  this  method 
than  for  other  methods.  The  objection  holds,  in  other  words, 
quite  as  well  for  the  direct  observation  of  the  capillary  rise  of 
water  in  soils.  Errors  from  such  a  source,  in  the  manner  of  de- 
termining the  capillary  pull  in  the  way  here  described,  can 
be  minimized  also  by  making  the  tests  several  times,  and  under 
parallel  conditions  of  temperature,  which  is  not  feasible  by  the 
direct  method  referred  to.  Finally,  the  manometer  method 
commends  itself  as  a  convenient  and  striking  means  of  demon- 
strating an  inii)ortant  physical  characteristic  of  soils,  whether, 
which  is  unimportant,  it  is  an  entirely  new  method  or  not,  and 
independent  of  the  probability  that  it  is  theoretically  not  ideal. 
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The  Salton  Sea:  Geography  and  Geology. — -Monogiaphp  such  as 
The  Salton  Sea'  arc  typical  of  the  spirit  of  cooperation  which  is  a 
dominant  tendency  of  modern  science.  Dr.  MacDougal  has  associated 
with  himself  no  less  than  nine  collaborators,  each  of  whom  deals  with 
a  distinct  subject,  but  all  of  whom  cooperate  to  give  a  comprehensive 
picture  of  a  unique  region.  It  is  fortunate  for  science  that  when  the 
Colorado  River  last  overstepped  its  bounds  and  made  a  new  lake,  the 
Desert  Laboratory  of  the  Carnegie  Institution  was  ready  to  investigate 
the  complex  and  important  changes,  both  geographical  and  botanical, 
which  have  since  ensued. 

In  its  geographical  and  geological  portions  the  book  centers  around 
three  main  points,  namely,  the  nature  of  the  Cahuilla  Basin,  its  unique 
departures  from  the  typical  features  of  a  desert  basin,  and  the  rela- 
tion of  low  forms  of  hfe  to  the  production  of  tufa.  The  opening  chap- 
ter is  most  fittingly  allotted  to  Professor  W.  P.  Blake,  the  first  scien- 
tist to  describe  the  region.  The  ancient  lake  which  once  occupied  the 
Salton  Sink  and  rose  to  about  40  feet  above  sea  level  before  ovei-flow- 
ing  to  the  Gulf  of  California  has  been  named  Blake  Sea  in  his  honor. 
He  discusses  its  geological  histoiy.  The  Cahuilla  Basin  in  which  it 
is  located  is  a  structural  trough,  the  continuation  of  the  Gulf  of  Cali- 
fornia. According  to  Professor  Blake's  view,  which  has  hitherto  pre- 
vailed almost  unchallenged,  the  upper  end  of  the  trough,  forming  the 
part  now  known  as  the  Salton  Sink,  was  a  part  of  the  Gulf  until  recent 
geological  times.  Then  it  w-as  gradually  cut  off  by  the  growth  of  the 
delta 'of  the  Colorado  River.  Above  the  delta  the  isolated  end  of  the 
Gulf  formed  a  salt  lake  which  eventually  dried  up  and  disappeared. 
From  time  to  time,  however,  a  diversion  of  the  Colorado  River,  such 
as  occurred  in  1905,  produced  a  temporaiy  body  of  fresh  water. 
According  to  this  intei-pretation  the  Salton  region  possesses  few  of  the 
characteristics  of  a  genuine  desert  basin. 

The  next   contributor,  ^Ir.  Sykes,  accepts  Professor  Blake's  view. 

>  The  Salton  Sea :  A  Study  of  the  Geography,  the  Geology,  the  Floristics,  and 
the  Ecology  of  a  Desert  Basin.  4to,  pp.  xi  -|-  182,  pis.  32,  maps  2.  Carnegie 
Inst.  Washn.  I'ubl.  193.     H)14. 
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His  chapter  describes  the  general  surface  features  of  the  country,  and 
discusses  its  exploration  and  early  mapping.  It  forms  the  natural 
introduction,  and  would  have  been  placed  first  except  for  the  desire 
to  pay  a  graceful  trilnite  to  Professor  Blake's  pioneer  explorations. 
The  next  chapter,  by  Mr.  Free,  goes  further  into  the  question  of  the 
origin  of  the  ancient  lake  and  the  general  character  of  the  basin.  A 
series  of  Tertiaiy  strata,  now  uplifted  and  folded,  lies  at  the  foot  of 
the  surrounding  momitains.  This  formation  is  clearly  of  subaerial 
origin,  a  piedmont  deposit  washed  down  from  the  highlands  unchn- 
conditions  of  aridity.  It  indicates  that  for  a  long  time  during  the 
Tertiaiy  era  the  basm  was  not  occupied  by  the  sea,  and  was  essentially 
like  the  other  basins  of  the  Southwest.  In  far  more  recent  times,  that 
is  within  the  last  few  thousand  years,  the  basin  has  also  been  free 
from  the  sea,  for  innumerable  shells  show  that  it  was  occupied  by 
fresh  water.  Moreover,  the  strands  of  Blake  Sea,  which  may  date 
back  no  more  than  500  years  indicate  a  very  brief  stand  of  the  lake 
at  the  level  of  overflow.  If  an  arm  of  the  sea  were  cut  off,  the  water 
must  have  stood  at  an  approximately  uniform  level  for  many  centuries 
while  the  delta  was  being  formed,  and  there  ought  to  be  a  pronounced 
bench  in  the  rock,  but  none  is  found.  Hence  Free  suggests  that  the 
whole  region  may  have  been  above  sea  level  for  a  long  period.  At 
first  it  was  a  simple  trough.  This  was  gradually  depressed,  but  the 
delta  of  the  Colorado  was  built  up  as  fast  as  the  land  sank  and  a  genuine 
basin  was  thus  fonned  in  its  rear.  This  was  occupied  by  water  only 
when  the  Colorado  temporarily  shifted  its  course.  Aside  from  excep- 
tional periods  of  this  sort,  the  Salton  region  appears  to  have  had  a  . 
history  like  that  of  the  typical  desert  basin.  Free's  interpret  at  ion 
needs  further  study,  but  it  seems  likely  to  prevail. 

The  relation  of  the  Salton  tufas  to  organic  life  suggests  that  the 
chemical  deposits  of  interior  basins  can  be  understood  only  by  a  study 
of  the  effect  of  different  types  of  bacteria  or  algae  upon  chemical  reac- 
tions. Papers  l)y  Ross  and  Vinson  give  details  as  to  the  concentra- 
tion and  composition  of  the  water  of  the  Salton  Sea  at  frequent  inter- 
vals since  the  last  inundation.  Pierce  follows  with  an  interesting  ac- 
count of  micro-organisms  in  highly  concentrated  brines.  He  shows 
that  living  algae  are  found  in  water  of  a  surprisingly  high  degree  of 
salinity,  and  that  their  activity  varies  in  harrnony  with  changes  in  the 
degree  of  concentration.  Brannon  consideis  another  phase  of  the  same 
matter.  He  immersed  pieces  of  woorl  in  Salton  water  for  long  ])criods. 
When  the  water  was  st(>riliz('d.  little  decortication  took  place.     Chemi- 
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cal  activity  seems  to  clepentl  upon  tlie  presence  of  certain  bacteria, 
some  of  which  were  isolated.  Jones  confirm  this  conclusion  by  show- 
ing that  both  now  and  in  the  past  the  Salton  tufas  have  been  deposited 
only  in  the  presence  of  algae.  The  presence  of  minute  organism,  is 
probably  of  much  more  importance  chemically  than  has  commonly 
been  realized.  In  this  respect  and  in  other  ways  this  monograph  on 
The  Salton  Sea  is  likely  to  prove  of  great  value  in  stimulating  new 
lines  of  thought. — ^Ellsworth  Huntington. 

The  S.\lton  Sea:  P'loristics  and  Ecology. — The  papers  of  Parish 
and  MacDougal  occupj^  more  than  half  of  the  Salton  Sink  volume. 
Thej'^  give,  detailed  and  in  broad  lines,  answers  to  many  questions  of 
gi-eat  interest  concerning  desert  vegetation  as  a  whole,  the  biology, 
dispersal  and  wandering  of  its  plants,  the  relation  of  a  sink  to  sur- 
rounding elevated  land  masses  and  especially  concerning  revegetation 
of  bared  land,  the  means  which  enable  plants  to  get  a  foothold  and  the 
causes  which  make  them  again  disappear.  The  latter  part  of  the  book, 
MacDougal's  treatment  of  the  revegetation  of  the  beaches,  is  the  prin- 
cipal one,  giving  as  it  does  a  vivid  picture  of  movement  and  activity  • 
in  nature  under  almost  unique  conditions. 

The  paper  of  Parish  shows  us,  as  it  were,  the  stage  upon  which  the 
play  is  perfonned,  or  the  ordinary  order  of  things  undisturbed.  So 
we  learn  that  the  Salton  Sink  with  its  Alriplex  vegetation  is  bordered 
on  both  sides  by  zones  of  more  or  less  related  vegetations  of  which 
the  Opiintia  zone  is  especially  interesting,  showing  the  curious  feature 
of  cacti  living  on  the  rim  of  the  Sink  without  entering  it. 

The  Sink  flora  of  which  a  vciy  careful  list  is  given,  numbering  200 
species,  including  sporophytes,  is  a  part  of  the  Colorado  desert  flora 
which  is  the  western  fringe  of  the  arid  lower  Sonoran  flora;  from  the 
southeast  to  the  northwest  species  drop  out  successively,  so  we  under- 
stand that  the  conditions  of  the  Sink  are  ver>'  exclusive;  only  122 
species  are  indigenous.  These  are  tabulated  with  regard  to  ecological 
classes,  51  are  annuals,  30  perennial  herbs,  23  shrubs,  etc.,  numbers 
which  indicate  desert  conditions,  as  emphasized  elsewhere  by  the  pres- 
ent writer. 

The  factors,  in  control  of  distribution  are  the  chemical  and  physical 
character  of  the  soil  and. especially  its  water  content;  of  the  fomiations 
accordingly  established  by  Parish  the  xerophytic  formation  occupies 
an  area  exceeding  the  combined  areas  of  all  the  other  formations;  its 
main   plants  are:  shrubby  Alriphces,  'Prosopis,   Cerddium,   Parasela, 
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Olneya.  As  general  characteristics  of  the  xerophytic  formation  Parish 
states  that  shrubs  and  sutTrutices  are  prevalent  but  onlj-  in  few  species, 
the  individual  plants  are  separated  by  large  intervals,  have  a  condensed 
growth  and  small,  often  early  deciduous  leaves.  There  are  no  succu- 
lents at  all.  Induments  have  not  been  evolved  to  any  marked  degree, 
and  there  are  only  two  species  with  storage  roots.  Seedlings  of  the 
desert  shrubs  have  never  been  found  (except  of  Parosela)  although  the 
seeds  are  known  to  be  able  to  germinate  readily. 

In  MacDougal's  paper  it  is  described  how  the  plants  move  onto  the 
beaches  as  these  are  laid  bare.  The  lake  receded  in  1907-1912  from 
40  to  59  inches  j'early,  but  the  breadth  of  the  emersed  beaches  varied 
of  course  with  the  angle  of  their  slope.  This  angle  also  determines  the 
duration  of  the  wet  stage  of  the  newly  emersed  beach,  steeper  slopes 
desiccating  faster  than  gentle  ones,  and  this  condition  again  determines 
the  alkalinity. 

For  the  study  of  the  differences  of  the  beaches  five  areas  were  selected, 
of  which  two  only  need  be  named  here,  viz..  Imperial  Junction  with 
a  slope  1  in  300,  and  Travertine  Terraces  with  a  slope  1  in  20.  The 
latter  locality  had  a  gravelly  soil  in  which  the  waves  cut  banks  during 
each  winter  when  the  evaporation  was  slight  and  the  lake  consequently 
receded  slowly. 

All  the  areas  were  often  visited  iluring  the  years  1908-1913,  every 
change  in  the  conditions  was  noted  and  eveiy  plant  was  followed  from 
seedling  to  death  or  to  perfect  estal)lishinont. 

Although  propagating  bodies  of  hundreds  of  species  must  have  been 
carried  into  the  lake  by  wind  or  water  only  60  species  in  all  appeared 
on  the  beaches.  Most  of  these  were  species  inhabiting  the  lower  parts 
of  the  basin  above  water,  bu(  there  was  also  a  number  of  introduced 
species  and  some  species  native  to  the  valley  of  the  Colorado  River. 

Comparing  the  beaches  in  the  same  place  we  find  a  considerable 
variation  in  number  and  composition  of  introductions  in  the  difl'erent 
years,  suggesting  differences  in  the  dispersing  agencies  (wind)  during 
the  time  when  seeds  were  ripe  for  dispersal.  During  later  years 
some  species  are  dropping  out  from  the  pioneer  class,  which  fact  is 
ascribed  to  the  effect  of  the  increasing  amount  of  chlorine  in  the  water 
of  the  lake. 

The  beaches  of  the  different  areas  studied  had  in  pavi  dilTercnt  pio- 
neers. For  instance,  at  Imperial  Junction  Atriplex  fasdadaki,  Spiro- 
stachys,  Suaeda  and  Sdrpus  paltidosus  were  common  pioneers,  rare 
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or  absent  at  Tiaveilinc  Terraces,  where  Dislichlis,  Salix  and  Populus 
were  establishing  themselves  in  numbers. 

Also  nuiiierically  there  was  a  clifTerence:  the  first  named  locality 
with  its  gentle  alkaline  slowly  desiccating  slopes  presenting  better 
opportunities  for  germination  had  a  greater  number  of  pioneers  than 
Travertine  Terraces. 

On  the  other  hand  verj^  few  pioneers  were  able  to  maintain  them- 
selves when  the  beaches  were  drj'ing  out.  Thus,  at  Imperial  Junction, 
the  number  of  species  was  reduced  from  17  in  1907  to  5  in  1912,  and 
here  no  secondary  introduction  took  place.  At  Travertine  Terraces 
the  reduction  in  number  of  pioneers  was  counteracted  by  secondary 
introductions  of  more  or  less  xerophytic  plants.  Still,  nowhere  had  the 
beaches  reached  a  stable  condition,  equivalent  to  that  in  which  thej- 
had  been  before  the  making  of  the  lake. 

Of  the  species  appearing  on  the  licaches  about  80  per  cent  might 
have  been  brought  l)y  wind,  but  only  12  per  cent  could  uiily  have  been 
brought  by  wind.  Of  other  agencies,  birds  have  probably  played  a 
role,  and  some  instances  were  found  where  ephemeral  run-off  streams 
had  carried  species  down  from  the  land  above.  Flotation  played  a 
very  important  part  in  the  transportation  of  seeds;  flotsam  collected 
at  the  water  side  gave  a  numl)er  of  seedlings.  jMacDougal  has  tested 
a  number  of  seeds  in  the  laboratory,  keeping  them  in  Salton  water  and 
observing  the  duration  of  flotation  and  the  germination.  The  plant- 
lets  were  also  "stranded"  in  imitation  of  the  probal^le  action  in  the 
lake.  It  came  out  that  "in  10  of  the  15  species  tested  the  flotation 
period  of  the  seed,  which  in  the  different  species  may  be  from  a  day 
or  two  to  four  months  or  more,  may  be  followed  by  the  survival  of 
the  plantlct  for  periods  of  such  length  as  to  render  them  liable  to  be 
carried  about  by  many  agencies."  Thus  buoyant  plantlets  may  remain 
in  the  surface  of  the  w^ater  for  a  long  time  and  finallj'  strike  root  on  the 
beach.  Inferential  as  this  reasoning  is  it  gives  us  the  doubtless  true 
but  somewhat  paradoxical  conception  of  plant-dispersal  by  water  in 
desert  areas.  This  is  beautiful  evidence  that  "the  origination  of  qual- 
ities or  structures  upon  which  dis.senunation  would  tlepend,  in  many 
instances  at  least,  has  no  possible  connection  in  a  causal  way  with  the 
agencies  themselves"  (quoted  from  MacDougal's  "general  discussion"). 
To  this  short  review  must  l^e  added  congratulations  to  the  authors 
for  the  publication  of  this  magnificent  volume,  pleasing  by  its  fine 
appearance,  by  its  many  beautiful  plates,  and  attractive  on  account 
of  the  great  interest  attaching  to  the  subject,  the  systematic  manner 
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in  which  the  investigation  has  been  begun  and  carried  out,  and  the 
thorough  treatment  of  the  whole  result  of  the  investigation.  As  true 
naturalists  the  writers  have  not  concealed  the  shortcomings  in  their 
investigation — let  us  ho[)e  that  still  existing  problems  will  provoke 
continued  publications  on  the  Salton  Sink. — -Ove  Paulsen,  Copenhagen. 

Periodicity  in  Trees. — Rhythm  and  periodicity  may  not  be  so 
much  a  part  of  the  life  of  the  plant  as  has  been  taken  for  granted  by 
physiologists.  The  beech  has  been  cited  U>v  many  years  as  imperturb- 
able in  its  resting  period,  and  not  to  be  awakened  during  the  winter 
time  by  anj-  high  temperature  exposures,  ether  threatment,  etc.  Pro- 
fessor Klebs'  of  Heidelberg  has  been  able,  however,  to  maintain  the 
European  beech  (Fagus  silvatica)  in  continuous  growth  during  the 
winter,  and  concludes  that  the  countless  experiences  of  the  species 
with  alternating  favorable  (summer)  and  unfavorable  (winter)  seasons 
have  made  no  pemianent  impress  on  the  oi-ganism  in  the  way  of  an 
acquired  rhythm.  Confirmatory  results  \\ith  oak,  ash,  and  hornbeam 
were  obtained.  Professor  Ivlebs  used  a  small  enclosed  chamber  in  a 
dai-k  room,  illuminated  by  tungsten  lamps  of  a  total  intensity  of  200 
candle  power,  and  the  entire  dark  room  witli  1000  candle  power. 
Moisture  and  temperature  control  and  registration  were  secured. — 
D.  T.  MacDougal. 

Tropical  Silviculture. — Under  the  title  of  Sylviculture  in  the 
Tropics,  Broun=  incorporates  in  one  volume  a  discussion  of  the  problems 
of  silviculture  as  applied  to  the  tropics.  The  author  frankly  states 
that  had  he  undertaken  the  publication  on  his  own  accord  he  would 
have  restricted  its  application  to  the  portions  of  the  tropics  and  of  the 
sub-tropics  in  which  he  had  gained  his  experience.  The  author's  work 
in  India,  Ceylon  and  Soudan  is  utilized  to  make  many  practical  appli- 
cations. Aside  from  this  the  publication  does  not  offer  anything  new 
to  the  art  of  silviculture. — H.  N.  AViiitford,  Canadian  Commission 
of  Conservation. 

'  Klebs,  G.,  tJber  das  Treiben  der  einhcimischen  Baiimc,  spezicll  dcr  Buche. 
Abh.  d.  Heidelb.  Akad.  d.  Wiss.  Math-Naturw.  Kl.  3  Abhandl.     1914. 

'Broun,  A.  F.,  Sylviculture  in  the  Tropics.  Pp.  309,  figs.  96.  :Macmillan 
and  Company,  1912  (S3.00). 


NOTES  AND  COMMENT 

Dr.  M:ir.sli;ill  A.  Howe,  of  the  New  York  Hotaiiiciil  (lardeii,  has 
published  a  paper  on  the  marine  algae  of  Peru,  based  chiefly  on  col- 
lections made  by  Dr.  Robert  E.  Coker  while  investigating  the  fisheries 
resources  of  that  country'.  The  waters  of  the  Peruvian  coast  arc  tem- 
perate except  at  the  extreme  north,  and  are  inhabited  chiefly  by  tem- 
perate and  sub-tropical  algae,  among  which  gigantic  members  of  the 
Laminariaceae  are  conspicuous.  Dr.  Howe's  report  is  notable  in  that 
the  collections  of  Dr.  Coker,  made  incidentally  to  other  work,  have 
nearly  doubled  the  known  alga  flora  of  Peru,  and  in  the  fact  that  the 
Peruvian  Department  of  the  Interior  has  aided  in  the  publication  of 
the  sumptuously  illustrated  report,  which  forms  Volume  15  of  the 
Memoirs  of  the  Torrej'  Botanical  Club. 

The  Cambridge  University  Press  announces  the  appearance  of  two 
new  periodical  publications.  The  Annals  of  Ai)i)li('d  Biology  is  a  quar- 
terly organ  of  the  As.sociation  of  Economic  Biologists,  devoted  chiefly 
to  pathology,  horticulture,  forestiy  and  tropical  economic  botany.  The 
Annals  of  the  Bolus  Herbarium  is  edited  by  Professor  H.  H.  W.  Pear.son 
and  is  devoted  to  taxonomic,  ecological,  and  other  botanical  work 
emanating  from  South  Africa. 

The  New  York  State  College  of  Forestry  at  Syracuse  University 
announces  the  establishment  of  an  Eastern  Forest  Products  Laboratory 
to  be  located  in  the  State  Forestry  Building  which  will  be  ready  for 
occupancy  in  the  sunmier  of  101.5.  In  the  State  Forestrj'  Building, 
for  which  the  State  appropriated  a  quarter  of  a  million  dollars,  there 
will  be  nearly  14,000  stjuare  feet  given  up  to  experimental  laboratories 
outside  of  laboratories  especially  for  educational  work  with  students. 
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ATMOMETRY  AND  THE  POROUS  CUP  ATMOMETER' 

BURTON    EDWARD    LIVINGSTON' 

The  Johns  Hopkins  Unii'crsit!/,  Balliniore,  Md. 

I 

INTRODUCTION 

The  importance  of  the  porous  cup  atmometer  in  studies  of 
plant  and  animal  environment,  and  the  fact  that  the  literature 
of  the  instrument  fails  to  present,  in  adequate  manner,  several 
very  important  considerations  in  regard  to  operation  and  in- 
terpretation of  atmometric  readings,  have  led  to  the  presentation 
of  this  paper.  For  the  sake  of  completeness  it  is  here  attempted 
to  state  all  essential  points  as  far  as  thej'  have  been  worked  out, 
whether  or  not  such  statement  may  involve  repetition  from  the 
writer's  earlier  papers.  In  short,  this  publication  auns  to  put 
before  the  worker  in  porous  cup  atmometry  the  various  matters 
requiring  his  attention,  many  of  which  might  not  be  appre- 
ciated without  years  of  experimental  acquaintance  with  the 
subject. 

Since  so  many  names  for  the  atmometer  have  been  proposed 
by  various  writers,  it  is  perhaps  not  out  of  place  here  to  state 
that  the  term  now  practically  in  general  use  was  first  employed 
by  Leslie-  in  1813.  This  word  was  adopted  as  official  by  the  Com- 
jnittee  on  Evaporation  of  the  Vienna  Meteorological  Congress 
in  1874.  The  committee  emphasize  the  fact  that  the  word 
atmometer  "possesses  the  merits  of  seniority  and  a  correct 
classical  derivation."  It  is  constructed  on  parallel  lines  with 
the  familiar  barometer,  thermometer,  hygrometer,  anemometer,  etc., 
and  thus  enters  readily  into  climatological  and  meteorological 
discussion. 

'  Botanical  contiibiition  from  the  Johii.s  Hojikins  University,  no.  43. 

-  Leslie,  .1.,  A  short  account  of  experiments  and  instruments  depending  on  the 

relations  of  air  to  heal  and  nioisturo.     K(linl)iirt;li,  1S1:5. 
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atmospheric;  evaporatlnc ;  i'()\\i;u  and  its  measi-rrmkn't  in- 
general 

Conditions  Controlling  Evaporation 

This  is  not  the  place  for  a  detailed  discussion  of  evaporation 
and  its  controlling  conditions,  but  enough  space  may  be  taken 
to  point  out  certain  features  of  evaporation  and  certain  re- 
ciuirenicnts  of  atniometric  measurements  in  general.  In  the 
first  place  it  is  to  l)e  emphasized  that  the  water  surface  from 
which  evaporation  proceeds  is  as  truly  a  control  of  the  rate  of 
water  loss  as  are  the  atmospheric  conditions.  This  consideration 
at  once  frees  us  from  the  still  pre\'alent  idea  that  there  is  any- 
thing fundamental  and  absolute  in  evaporation  rates  obtained 
from  a  free  water  surface.  To  make  this  clear,  assume  a  water 
surface  of  known  area,  the  water  held  in  a  pan  or  tank  of  known 
volume,  the  surface  being  a  known  distance  below  the  margin,  and 
the  material  and  form  of  the  container  being  also  defined.  Further 
assume  a  certain  complex  of  aerial  conditions,  wind,  temperature, 
humidity.  Under  such  conditions  it  may  be  found  that  water  is 
lost  from  the  exposed  surface  at  a  given  rate  per  hour,  which  may 
be  reduced  to  an  hourly  rate  from  unit  of  surface.  Now  let  the 
water  container  be  altered  in  size,  all  other  conditions  remaining 
the  same,  and  we  shaU  find  that  the  rate  of  loss  per  unit  of  area 
is  not  the  same  as  before.  Let  the  area  remain  the  same  and  let 
the  form  or  material  of  the  contauier  alone  be  altered,  and  another 
change  in  rate  of  water  loss  occurs.  Of  course  it  is  understood 
that  the  changes  here  supposed  must  be  of  adequate  magni- 
tude, otherwise  the  resultant  differences  in  rate  might  not  be. 
detectable  by  the  extremely  crude  methods  usually  employed 
for  measuring  the  rate  of  water  loss.  All  the  details  of  the  con- 
struction of  the  water  pan  must  have  their  influence  upon  the 
rate  of  evaporation  per  unit  of  surface,  under  any  given  set  of 
surroundings. 

If,  however,  two  instruments  are  assumed  to  be  exactly  alike, 
and  if  they  be  exposed  to  the  same  complex  of  external  condi- 
tions, then  the  rates  of  loss  .should  be  the  same.  If,  in  this 
case,  the  external  conditions  to  which  two  like  pans  are  ex- 
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posed  be  altered  in  the  same  way  for  both  pans,  then  both  rates 
of  loss  should  change,  but  this  change  should  be  the  same  for 
both  instruments. 

A  somewhat  less  obvious  result  follows  if  two  different  kinds 
of  water  pan  are  exposed  first  to  one  external  complex  and 
then  to  another.  For  such  a  case,  let  it  be  supposed  that  one 
in.strument  loses  twice  as  much  water  per  hour  as  does  the  other, 
under  the  first  conditional  complex.  Under  the  second  com- 
plex of  external  conditions  this  relation  between  the  two  rates 
of  loss  no  longer  holds;  the  first  instrument  does  not  then  lose 
just  twice  as  much  as  does  the  second.  In  other  words,  if 
one  of  these  unlike  pans  be  standardized  to  the  other,  the 
coeflficient  of  correction  (by  which  the  loss  from  one  pan  may 
be  multiplied,  in  order  to  give  the  loss  from  the  other)  would 
be  different  for  each  new  set  of  external  conditions. 

It  appears  that  the  principle  just  dealt  with  is  but  vaguely 
appreciated  by  many  students  of  atmometry,  a  conclusion 
reached  by  a  perusal  of  the  meteorological  hterature  of  evapor- 
ation; in  .spite  of  frequent  publications  establishing  the  influence 
of  size,  shape,  etc.,  of  pans  used,  workers  in  this  field  still  per- 
sist in  emploj'ing  a  \-ariety  of  pans  and  tanks,  thus  rendering 
their  measurements  of  but  little  lasting  or  generall}^  cofnpara- 
tive  value.  If  it  might  be  remembered  that  the  e\-aporation 
rate  depends  upon  the  water  surface  and  upon  the  surroundings 
of  this  surface  (both  below  and  above),  then  this  misapprehen- 
sion should  be  avoided. 

From  what  precedes  it  is  clear  that  no  form  of  pan  is  any 
more  a  natural  standard  for  measuring  evaporation  than  is 
any  other.  When  pans  are  to  be  employed  in  atmometry  it  is 
only  essential  that  all  pans  be  alike,  if  the  measurements  thereby 
obtained  are  to  be  compared.  In  anj-  event,  the  pan  used  must 
be  described  in  detail  if  the  results  are  to  be  of  any  value  to 
other  workers. 

Another  consideration  that  appears  worthy  of  emphasis  here 
is  this,  that  the  exposure  of  several  atmometers  nuist  be  com- 
parable if  the  readings  are  to  be  so.  Thus,  if  one  of  two  like 
pans  be  placed  at  ground  level  and  the  other  at  some  elevation 
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above  the  soil,  there  can  be  obtained  therefrom  no  definite  in- 
formation as  to  the  relative  intensities  of  evaporation  in  the 
two  localities,  at  the  same  level.  It  may  be  said  only  that  the 
evaporating  power  of  the  air  at  one  level  in  one  locality  bears 
such  and  such  a  relation  to  the  same  power  at  another  level  in 
the  other  locality.  The  exposure  of  an  atmomoter  needs  to  be 
specified  as  mucli  as  does  tlie  nature  of  the  instrument. 

These  points  apply  as  well  to  other  forms  of  atmometer  as 
to  the  form  employing  a  free  water  surface.  Different  sized 
paper  disks  on  the  Piche  and  Piche-Cantoni  forms  (with  their 
horizontal,  saturated  papers  giving  off  water  both  above  and 
below)  are  also  influenced  in  their  relative  rates  of  water  loss  by 
changes  in  wind,  temiierature,  etc.  It  is  also  clear  that  the  alter- 
ation of  evaporation  rate  from  any  instrument  employing  paper 
may  not  be  at  all  the  same  as  the  corresponding  alteration  for 
any  free  w'ater  surface,  these  alterations  being  both  effected  by 
the  same  change  in  external  conditions.  Thus  it  is  obviously 
impossible  to  reduce  Piche  readings,  for  example,  to  terms  of 
depth  from  a  pan  of  water,  though  this  has  often  been  attempted. 
A  coefficient  for  this  reduction  can  of  course  be  obtained /or  any 
given  set  of  external  conditions,  but  when  the  conditions  alter  we 
must  expect  the  coefficient  to  alter  also.  Likewise,  evaporation 
rates  from  different  forms  or  sizes  of  porous  clay  cups  are  dif- 
ferently affected  by  the  same  alterations  in  the  surroundings,  and 
it  is  quite  impossible  to  obtain  a  coefficient  by  means  of  which 
the  readings  of  one  form  may  be  reduced  to  those  of  another, 
excepting  with  specified  surroundings.  Nor  can  porous  cup  losses 
be  reduced  to  losses  from  pans  or  paper  disks. 

Reduction  of  Readings 

The  apparent  success  which  has  sometimes  appeared  to  at- 
tend attempts  to  derive  coefficients  for  the  reduction  of  evapora- 
tion rates  from  one  form  of  atmometer  to  those  from  another  form' 

'  Russell,  T.,  Depth  of  evaporation  in  the  United  States.  Mo.  Weather  Rev. 
16:235-239,  1888. 

Livingston,  B.  E.,  The  relation  of  desert  plants  to  soil  moisture  .ind  to  evap- 
oration.    Pub.  50  of  the  Carnegie  Institution  of  Washington.    Washington,  1906. 
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has  doubtless  been  largely  due  to  the  fact  that  the  general  period 
of  observation  employed  involved  such  slight  alterations  in  the 
effective  surrounding  conditions  that  the  crude  methods  of  meas- 
urement failed  to  detect  the  variations  emphasized  above.  It  is 
of  course  possible,  also,  that  certain  different  changes  of  the  ex- 
ternal conditions  might  be  found,  which  might  happen  to  affect 
the  rates  of  water  loss  from  different  forms  of  atmometer  in  the 
same  way  and  to  the  same  extent,  but  it  is  highly  improbable 
that  such  changes  are  frequently  to  be  encountered  in  the  diurnal 
or  annual  march  of  atmospheric  conditions  anjTvhere  in  the  world. 
Where  only  slighth'  refined  measm-ements  are  made,  and  where 
the  change  in  external  conditions  or  the  difference  between  the 
instruments  lies  within  certain  limits  of  nature  and  magnitude, 
it  maj-  frequently  occur  that  the  rates  of  water  loss  from  one  form 
of  instrument  may  apparently  agree  in  their  fluctuations  with 
those  from  another  form.  A  closer  study  usually  shows  such 
agreement  to  be  only  apparent. 

The  writer's  own  experience  in  this  connection  is  of  illustra- 
ti\-e  \'alue  here.  When  the  porous  cup  was  first  employed  in 
the  study  of  plant  transpiration  ("summer  of  1904,  at  the  Desert 
Laboratory;  see  Pub.  50  of  the  Carnegie  Institution,  aheady 
cited),  the  earher  literature  of  evaporation  was  not  available 
and  the  now  obvious  mistake  was  made  of  supposing  that  the 
readings  from  the  cup  might  be  reduced  to  depth  units  as  lost 
from  a  free  water  surface,  without  regard  to  alterations  in  ex- 
ternal conditions.  The  data  presented  on  page  28  of  the  publica- 
tion just  mentioned  show  clearly,  however,  just  the  sort  of  fluc- 
tuation in  reduction  coefKcient,  for  ditierent  hours,  that  would 
be  expected  from  the  discussion  just  presented.  Below  the  table 
of  calibration  data  occurs  the  statement,  "The  fluctuations  in  the 
ratio  are  probably  in  large  part  due  to  the  failure  of  slight  air 
currents  to  accelerate  evaporation  from  the  dish  as  much  as  they 

Operation  of  the  porous  cup  atmompter.     Plant  World.     13:111  118,1910. 

Many  other  instances  of  similar  sorts  are  cited  in:  Livinfi.ston.  Grace  J.,  .'Vn 
anotated  bibliography  of  evaporation.  Mo.  Weather  Rev.  36:  181-180,  301-306, 
37.^381,  1908;37:08-72,  103-109,  157-160,  193-199,  2iS-2o2,  1909.  This  was  re- 
printed, rci)aged,  in  pamphlet  form,  Washington,  1909.  Reference  may  be 
made  to  this  bibliography  for  papers  on  evaporation  antedating  1908. 


26  BURTON   EDWARD   LIVINGSTON 

hastened  that  from  the  porcelain  cylinder."  This  is  no  doubt 
correct  to  a  considerable  extent,  though  temperature  and  humid- 
ity changes  may  also  have  had  an  influence.  Nevertheless,  in 
spite  of  the  clear  evidence  that  the  ratio  of  hourly  loss  from  cup 
to  hourly  loss  from  pan  actually  fluctuated  as  much  as  from  84.7 
to  114.4,  an  average  of  all  the  hourly  ratios  was  taken  as  showing 
the  relation  of  the  two  rates  for  the  entire  day.  Such  a  mean 
value  does,  of  course,  represent  the  period  for  wliich  it  was  ob- 
tained, but  the  night  hours  were  not  included  in  that  study.  If 
the  difTerent  days  of  the  general  period  were  nearly  similar,  and 
if  the  average  ratio  employed  had  been  derived  by  use  of  night 
as  well  as  day  rates,  then  the  reductions  of  cup  readings  to  units 
of  depth  (given  on  p.  29  of  the  same  publication)  should  be 
approximately  correct.  As  it  is,  these  reductions  are  at  least 
highly  questionable  excepting  in  a  merely  approximate  way. 

The  mistake  just  mentioned  befogged  the  writer's  apprecia- 
tion of  the  general  atmometric  problem  for  several  years,  and 
the  real  condition  of  affairs  in  this  connection  came  to  conscious- 
ness but  slowly.  In  the  summer  of  1909  the  method  of  standard- 
izing porous  cups  was  altered  so  as  to  make  use  of  a  water  surface 
as  a  basis.  At  this  time  it  was  clearly  appreciated  that  the  kind 
of  pan  used  must  be  highly  important,  but  the  possible  difference 
between  the  effects  of  a  given  change  in  the  surroundings,  upon 
the  rates  of  loss  from  cup  and  pan,  was  quite  lost  sight  of — not- 
withstanding the  suggestion  of  this  difference  already  made  in 
1906.  Accordingly,  the  fullest  account  of  the  porous  cup  at- 
mometer  so  far  published  (the  writer's  paper  of  1910,  already 
cited)  gives  an  erroneous  method  of  reduction  of  evaporation 
rates  from  this  instrument  to  units  of  depth  from  free  water. 
The  experimentation  upon  which  this  procedure  was  based  lasted 
for  several  summer  months,  and  showed  satisfactory  agreement 
between  the  reduction  coefficients  from  day  to  day,  no  doubt 
because  no  very  great  cluiiatic  changes  were  then  encountered 
and  the  effective  conditions  for  each  day  of  the  series  were  much 
like  those  for  any  other. 

During  the  following  summer,  however,  a  period  of  extraordi- 
narily hot  weather  brought  the  coefficient  of  the  standard  cup  (of 
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earlier  work)  to  a  value  much  lower  than  that  exhibited  in  1909, 
and  suggested  the  carrying  out  of  a  series  of  experiments  bearing 
ujjon  the  effect  of  temperature  upon  the  value  of  this  coefficient 
of  the  standard  cup,  as  compared  to  the  standard  pan  then  em- 
ployed. These  tests  clearly  showed  that,  as  the  temperature 
rises,  the  coefficient  of  the  standard  cup,  referred  to  the  standard 
pan,  decreases,  and  it  pro\'ed  to  be  possible,  by  manipulating 
the  temperature,  to  give  this  coefficient  almost  any  desired 
value,  within  a  broad  range.  It  thus  became  clear  that  a  rise  in 
temperature  produces  a  relatively  greater  increase  in  evaporation 
from  the  cup  than  from  the  pan.  It  may  be  suggested  that  the 
higher  the  temperatire  of  the  air  the  more  pronounced  should 
be  the  convection  currents  about  the  cup,  while  the  correspond- 
ing alteration  in  convection  currents  over  the  free  water  surface 
is  probably  but  slight,  owing  to  the  horizontal  position  of  the 
latter.  These  comparisons  of  cups  and  pans  were  carried  out,  as 
far  as  possible,  without  breeze,  so  that  the  effect  of  differences 
in  air  convection  should  have  been  pronounced. 

Whatever  may  be  the  physical  explanation  of  the  findings 
of  these  experiments,  they  made  it  very  obvious  that  it  is  im- 
possible to  reduce  the  rate  of  loss  from  a  porous  cup  to  units 
of  depth  from  a  water  surface,  and  this  put  an  end  to  cup  stand- 
ardization with  the  pan  as  a  basis.  The  coefficients  of  the 
cups  of  1908  were  therefore  recalculated,  to  the  older  basis  of 
standard  cups,  and  the  fact  of  this  return  to  the  original  method 
was  stated  in  a  later  paper.^  The  reasons  for  this  change  have 
never  been  jiresented  until  now. 

This  whole  matter  of  the  influence  of  the  atmometcr  itself 
upon  the  evaporation  rate  per  unit  of  evaporating  surface  is 
quite  clear  from  the  fundamental  principle  that  the  rate  of  water 
loss  depends  upon  the  conditions  of  the  entire  surroundings,  not 
merely  upon  the  evajiorating  jjower  of  the  air.  The  special  con- 
ditions due  to  the  nature  of  tlie  instrument  accompany  the  in- 
.strument  from  i)lace  to  i)lace  and  affect  the  evaporation  rate  by 
variously  modifying  tlie  influence  of  the  surrounding  conditions 

■*  Livingston,  B.  K.,  \  roUitinjr  tabic  for  standardizing  porous  cup  atniomctcrs. 
Plant  World  16:  157-162,  19)2. 
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at  (!ac'h  l(X'ality.  In  other  terms,  the  exposure  of  the  evaporating 
surface  to  the  remainder  of  the  instrument  forms  an  important  and 
usually  not  negligible  part  of  the  general  exposure.  Thus,  to  say 
that  atmospheric  evaporating  powers  are  to  be  comparably  meas- 
ured only  by  giving  the  evaporating  surfaces  similar  exposures, 
implies  that  the  entire  nature  of  every  instrument  should  be  as 
nearly  alike  as  possible;  what  may  be  called  the  internal  or 
instrumental  exposure  of  the  active  surfaces  must  be  the  same  if 
the  external  conditions  are  to  register  comparable  effects.  The 
mutual  influences  of  the  various  conditions  within  and  without 
the  instrument,  and  the  summed  influence  exerted  by  all  these 
conditions  acting  together,  are  far  too  complex  to  admit  of  cor- 
rection being  applied  to  bring  the  readings  from  different  kinds 
of  atmometers  into  a  comparable  state.  Such  corrections  may 
become  possible  in  time,  through  refined  physical  studies,  but 
numerous  attempts  simply  to  deduce  the  evaporation  rate  of 
one  kind  of  instrument  from  various  measured  conditions  of  the 
surroundings  have  not  furnished  results  that  are  at  all  encour- 
aging in  this  direction.  The  literature  contains  many  ex-peri- 
mentally  derived  formulas  for  this  sort  of  reduction,  but  none 
seem  to  have  obtained  a  completeness  or  precision  adequate  to 
render  them  available  excepting  for  the  roughest  sort  of  approx- 
imations. 

Summarizing  the  points  thus  far  brought  out,  hazarding  a 
repetition  for  the  sake  of  emphasis,  the  evaporating  power  of 
the  air — that  is,  its  power  to  remove  water  vapor  from  a  surface 
of  liquid  or  solid  water— can  never  be  directly  measured  only 
with  reference  to  some  standard  evaporating  surface.  For  the 
preparation  of  duplicate  evaporating  surfaces  it  is  necessary, 
not  only  that  the  areas  of  these  be  the  same,  but  that  their  forms 
or  shapes  be  also  the  same.  Furthermore,  all  of  the  immediate 
surroundings  of  these  water  surfaces  excepting  the  conditions  of 
the  air,  the  effectiveness  of  which  are  to  be  studied — must  also  be 
alike.  The  surroundings  include  the  magnitude  and  form  of  the 
water  mass  behind  the  exposed  surface,  the  sort  of  container  which 
holds  the  water  mass  in  place,  etc.  In  brief,  if  the  evaporating 
power  of  the  air  is  to  be  measured  at  different  places,  or  for 
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different  time  periods  at  the  same  place,  it  is  quite  essential  that 
the  several  atmometers  employed  shall  be  as  nearly  alike,  in  all 
particulars,  as  is  possible.  Of  course  it  is  physically  mipossible 
to  construct  several  instruments  exactly  ahke,  and  the  slight 
differences  which  occur  should  always  be  cared  for  by  calibration, 
as  in  the  case  of  anemometers,  thermometers  and  the  like.  Any 
alteration  of  the  instruments  that  may  occur  during  the  period 
of  operation  should  also  be  cared  for  by  recalibrations  carried 
out  from  time  to  time.  It  is  positi\^ely  essential  that  some 
single  form  of  instrument  be  adopted  tlii-oughout  each  series 
of  comparative  measurements,  and  it  is  quite  impracticable — 
excepting  in  a  roughly  approximate  way — to  derive  coefficients 
by  which  readings  from  one  form  of  instrinnent  may  be  made 
comparable  with  those  from  another  form. 

Units  of  Measurement 

Connected  with  a  discussion  of  atniometry  in  general,  should 
go  some  consideration  of  the  kind  of  units  to  be  used  in  com- 
parative studies  of  evaporation  rates.  The  misapprehension 
mentioned  above,  that  free  water  somehow  furnishes  the  true 
standard  evaporating  surface  for  such  studies,  is  usually  accom- 
panied by  another  misapprehension,  that  units  of  depth  are 
somehow  the  truly  fundamental  units,  in  terms  of  which  the 
evaporating  power  of  the  air  should  always  be  measured.  This 
proposition  is  probably  to  be  related  to  a  desire,  on  the  part 
of  meteorologists  and  climatologists,  to  compare  rainfall  with 
evaporation. 

Rainfall  is  measured  in  depth  units  and  its  measurement  is 
not  attended  with  serious  difficulties;  the  size,  shape  and  ma- 
terial of  the  gauges  exert  relatively  but  negligible  influence 
ujion  the  readings,  and  the  variations  in  exposure  commonl}- 
allowed  are  not  great  enough  to  be  considerable.  Hence  it  may 
have  seemed  to  follow,  that  evaporation  (which  is  obviously  a 
sort  of  negative  rainfall)  should  be  measurable  in  the  same 
kind  of  units.  As  has  been  indicated,  however,  many  con- 
ditions influence  the  rate  of  loss  from  an  atmometer  that  do  not 
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seriously  affect  the  readings  of  a  lain  gauge.  To  illustrate,  a 
small  pan  of  water  loses  relatively  (per  unit  of  surface)  more  by 
evaporation  than  does  a  large  pan,  while  the -size  of  rain  gauge 
funnels  is  without  appreciable  effect  upon  the  amount  of  water 
taken  in,  per  unit  of  funnel  area.  It  may  be  remarked,  also, 
that  the  very  presence  and  operation  of  an  evaporating  surface 
decreases  the  evaporating  power  of  the  air  in  its  vicinity,  while 
the  receiving  or  absorbing  action  of  the  rain  funnel  is  quite 
without  influence  -towards  decreasing  rainfall.  This  is  an  im- 
portant consideration  for  those  who  regard  units  of  depth  of 
evaporation  and  precipitation  as  comparable  units.  The  prop- 
osition is  much  more  complicated  than  here  indicated,  but 
limited  space  precludes  a  more  thorough  analysis. 

Since  it  is  aimed  simpl}'  to  measure  the  amount  of  water  lost 
from  a  specified  standard  evaporating  surface,  it  is  clear  that 
the  only  rational  units  thus  to  be  employed  are  those  of  weight, 
or  mass.  Volume  units  are  as  satisfactory  as  those  of  weight 
only  when  the  relatively  small  variation  in  specific  gravity 
caused  by  changing  temperature  may  be  neglected;  which  may 
be  safely  done  in  practically  all  cases  where  atmometric  measure- 
ments are  employed.  The  investigator  should  be  conscious  of 
such  neglect,  however.  Units  of  depth  cannot  be  conveniently 
employed  excepting  with  free  water  surfaces;  other  forms  of 
atmometer  lend  themselves  more  readily  to  the  employment  of 
weight  or  volume  units.  In  the  case  of  pans  or  tanks  of  water, 
depth  units  (which  are  to  be  avoided,  in  any  event,  because  of 
the  widespread  but  mistaken  idea  that  these  are  directly  com- 
parable to  similar  units  of  precipitation)  may  of  course  be  trans- 
formed into  weight  or  volume  units  when  the  necessary  co- 
efficient is  given — but  alwaj'^s  for  some  specific  size,  shape,  etc., 
of  pan. 

Of  course  the  most  essential  principle  in  this  regard  is  that 
the  same  units  must  be  used  for  all  the  instruments  the  readings 
of  which  are  to  be  compared. 

( To  be  continued^) 
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The  factors  affecting  the  natural  reforestation  of  a  fire-denuded 
area  may,  in  general,  be  said  to  be  the  same  in  Idaho  and  Ore- 
gon as  in  Maine  or  Minnesota.  There  may  be  and  actually 
are  differences  in  detail  as  to  what  species  of  herbaceous  and 
shrubby  plants  may  prepare  the  way  for  the  more  delicate  seed- 
lings of  those  trees  native  to  the  particular  locality.  But  the 
principle  prevails  everywhere  that  certain  plants  or  plant  socie- 
ties are  antecedent  and  probablj^  essential  to  the  appearance  and 
permanent  estabhshment  of  a  forest.  The  first  step  in  the 
reforestation  of  a  fire-swept  area  is  the  restoration  of  the  condi- 
tions necessary  to  insure  the  germination  and  vigorous  early 
development  of  the  tree  seedlings.  The  presence  of  humus  in 
the  soil  insures  a  certain  degree  of  moisture  conservation  and 
the  retention  of  certain  ingredients  of  plant  food  so  easily  lost  by 
drainage. 

Experience  and  observation  teach  us  that  however  hardy, 
however  well  equipped,  may  be  such  trees  as  those  which  come 
to  occupy  the  most  trying  situations,  they  were  doubtless  so 
sensitive  to  environmental  factors,  during  their  first  years  as  to 
have  ijerished  but  for  tlie  fact  that  there  must  have  prevailed  a 
proper  and  essential  balance  of  physiologic  factors.  To  estab- 
lish this  balance  may  have  required  but  a  year,  or  it  may  have 
taken  a  much  longer  time. 

In  this  paper  it  is  not  our  purpose  to  discourse  on  the  laws 
which  regulate  natural  reforestation  in  different  sections  of  the 

SI 
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continent;  notwithstanding  the  fact  that  great  practical  benefit 
would  verj'  likely  result  from  an  extended  and  careful  scientific 
study  of  the  factors  which  determine  such  growth. 

Ordinarily  the  denudation  of  any  consideraljle  area  of  conif- 
erous forest  land  means  an  end  of  that  chapter  of  forest  his- 
torj'.  Witness,  for  example,  the  thousands  of  acres  of  "pine 
barrens"  in  Minnesota,  Michigan,  and  Ontario  where  but  a  few 
decades  ago  stood  splendid  mixed  forests  of  white  and  Norway 
pine,  and  spruce  and  fir,  holding  their  own  against  time  and  the 
elements.  It  is  because  man  in  his  exploitation  of  the.se  forests 
imposed  upon  their  territory  an  absence  of  certain  growth  factors 
vital  to  natural  reforestation  that  it  has  since  been  impossible 
for  these  coniferous  species  to  reestabhsh  themselves.  Time 
has  shown  that  protection  from  destructive  ground  fires  will  in . 
many  instances  promote  natural  reforestation.  Zavitz,'  who 
has  made  an  extensive  and  careful  study  of  forest  conditions  in 
Ontario,  states  that  the  reforestation  of  the  denuded  land  areas 
is  a  problem  involving  fire  control  rather  than  one  calling  for  the 
hand  planting  of  j)ines.  In  Sincoe  County,  for  example,  a  cer- 
tain district  comprising  approxhnately  50,000  acres,  and  at  one 
time  covered  with  valuable  red  pine,  still  supports  enough  old 
seed-bearing  red  and  w^hite  pines  to  insure  reforestation  were -it 
not  for  the  fact  that  destructive  ground  fires  are  allowed  to  run. 

That  the  production  of  a  coniferous  forest  depends  greatly 
upon  a  real  balance  of  physiological  factors  can  not  be  denied. 
No  matter  how  favorable  maj'  be  the  moisture  supph^,  an  ex- 
cessive rate  of  evaporation  will  inhibit  or  make  impossible  the 
growth  of  a  crop  of  seedlings  for  as  long  as  a  single  season.  Then, 
again,  extreme  exposure  to  sunhght  may  prove  destructive.  Or, 
two  or  more  factors  in  excess  or  deficiencj-  may  prevent  altogether 
the  growth  of  young  plants. 

The  following  example  is  illustrative.  On  Kamiak  iMoun- 
tain,  an  isolated  butte  near  Viola,  Idaho,  evaporation  stations 
were  maintained  during  the  summer  of  1913.  One  Livingston's 
porous  cup  atmometer  was  operated  on  a  south  slope  a  few 

'  Zavitz,  E.  J.,  Report  on  the  Reforestation  of  Waste  Lands  in  Southern  On- 
tario, 10.  190S. 
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meters  from  the  top  of  the  ridge,  and  a  second  atmometer  was 
placed  just  over  the  ridge  on  the  north  slope.  Neither  station  was 
occupied  by  mature  trees,  although  Douglas  fir  and  yellow  pine 
grew  on  the  ridge  and  north  slope  on  both  sides  of  the  i^rairie 
in  which  data  were  obtained.  Coniferous  seeds  were  avail- 
able at  both  stations  and  pine  cones  were  actually  lying  scat- 
tered about  on  the  ground.  On  the  sheltered  slope  a  few 
pine  and  fir  seedlings  had  established  themsleves,  while  none 
occurred  near  the  station  on  the  south  slope.  The  average 
daily  evaporation  in  the  area  occupied  by  these  small  seedlings, 
from  jNIay  10  to  September  5  was  19  cc,  while  the  exposed 
side  of  the  ridge  gave  an  average  daily  evaporation  of  27.7  cc. 
The  greatest  stress  on  the  south  side  for  any  seven-day  period 
occurred  during  the  week  ending  August  29,  when  the  average 
daily  evaporation  reached  50.8  cc.  On  the  north  side  during  the 
same  interval  it  averaged  only  34  cc.  per  day. 

Figure  1  shows  a  sharp  ecotone  between  prairie  and  forest. 
This  spur  of  Tekoa  oMountain  is  illustrative  of  many  similar 
situations  of  transition  from  grassland  to  forest.  The  shel- 
tered northeast  slope  supports  a  dense  growth  of  yellow  pine, 
Douglas  fir,  and  some  tamarack,  but  these  invade  the  prairie 
of  the  windward  slope  with  great  difficulty.  Figure  2  shows  a 
similar  situation  and  illustrates  the  effect  of  exposure  to  wind 
upon  the  few  trees  that  have  succeeded  in  growing  upon  the 
ridge. 

Likewise  the  destruction  Ijy  fire  of  the  accumulated  humus 
constituting  that  all-important  part  of  the  forest  floor  may  re- 
tard for  many  years  the  reappearance  of  young  trees  of  sufficient 
vigor  to  endure. 

A  study  of  the  physiology  of  reforestation  without  taking  into 
account  the  intimate  relation  of  other  plants  to  the  reappearance 
and  permanent  establishment  of  the  forest  growth  would  be 
incomplete;  for  there  can  be  no  doubt  concerning  the  vital  impor- 
tance of  these  plants  as  agents  modifying  the  factors  influencing 
the  restoration  of  that  physiological  balance  so  essential  to  the 
incipient  growth  of  coniferous  seedlings. 

The  Thatuna  Hills,  a  \v('st(>rn  spur  of  the  Bitter  Root  j\Ioun- 
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Fig.  1.  A  sharp  ecotonc  between  prairie  and  forest.  The  .sheltered  north- 
east slope  is  clothed  with  a  dense  forest  of  yellow  pine,  DouRlas  fir  and  some 
tamarack.     Tekoa  Mountain,  Washington. 


Fig.     2.     A  situaiioii  similar  to  that  in  Figure  1  showing  the  effect  of  exposure 

to  wind  upon  the  yellow  pine. 
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tains  and  located  in  northern  Idaho,  support  a  rich  coniferous 
flora  consisting  of  the  Western  larch,  Larix  occidenlalis,  the 
white  fir,  Abies  grandis,  the  Douglas  fir,  Pseudotsuga  mucronata, 
Englemann  spruce,  Picea  engelmanni,  yellow  pine,  Pinus  po7i- 
derosa,  white  pine,  Pinus  monlicola,  lodge  pole  pine,  Pinus 
contorta  var.  murrayana,  white  cedar.  Thuya  plicata  and  the 
Western  yew,  Taxus  brevifolia.  These  hills,  rising  to  a  maxi- 
mum elevation  of  4950  feet  above  sea  level,  offer  an  unusual 
variety  of  slope  exposure,  canons,  and  moisture  supply.  The 
western  and  southwestern  slopes  of  these  hills  receive  at  all 
times  the  full  brunt  of  the  pre\-aiUng  winds  which  sweep  across 
the  many  miles  of  open  prairie  and  desert  of  south  centi-al  Wash- 
ington and  northern  Oregon  and  not  infrequently  attain  a  ve- 
locity of  50  miles  an  hour.  These  wind-swept  slopes  are  clothed 
with  a  fairly  dense  growth  of  Douglas  fir,  tamarack,  and  yellow 
pine  except  in  sheltered  ravines  where  one  may  find  the  white 
cedar,  the  white  fir  and  an  occasional  spruce.  Pure  forests  of 
yellow  pine  are  not  unusual,  but  mixed  forests  of  pine  and  Douglas 
fir,  or  of  tamarack,  white  fir  and  cedar  are  more  abundant,  and 
it  is  interesting  to  note  that  where  reforestation  has  occurred, 
slopes  formerly  occupied  by  any  one  of  these  forest  types  have 
in  most  instances  been  reclothed  with  the  same  species. 

Figui'e  3  shows  a  north  slope  which  was  cut  over  more  than 
25  A^ears  ago,  while  in  figure  4  the  steep  southern  exposure  just 
opposite  is  shown.  A  belt  transect  2  meters  wide  from  near  the 
top  of  the  north  slope  to  its  foot  showed  this  forest  to  be  com- 
posed of  30%  tamarack,  26%  white  fir,  39.5%  cedar,  4%;  red  fir. 
and  0.5%  yellow  pine.  The  exposed  opposite  slope  was  studied  in 
a  similar  manner  and  revealed  a  decidedly  dififerent  composition 
with  10%  tamarack,  40%  white  fir,  14%  red  fir,  and  36%  yellow 
pine.  Superficialh-  the  north  slope  appears  to  be  clothed  with  a 
nearly  pure  tamarack  forest,  due  to  the  more  rapid  vertical  growth 
of  this  species.  The  cedars  are  mostly  small;  in  fact  many  are 
mere  seedlings.  An  actual  count  of  the  annual  rings  .showed  that 
they  came  in  after  the  other  trees  had  by  their  shade  made  con- 
ditions less  xerophytic.  Such  mixed  forests  of  tamarack,  white 
fir  and  cedar  are  very  characteristic  of  the  sheltered  slopes  and 
ravines  (fig.  5).     The  large  percentage  of  white  fir  shown  to  occur 
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on  the  south  slope  occupies  dense  thickets  near  the  protected 
base.  That  the  south  slope  supports  a  very  open  forest  (mostly 
yellow  pine  and  Douglas  fir  above  the  ravine)  is  shown  by  the 
fact  that  the  average  number  of  trees  per  square  meter  is  only 
one,  as  compared  with  3.5  per  unit  area  on  the  north  slope. 

Xo  less  characteristic  of  the  two  exposures  are  the  shrubs  of 
the  undergrowth.     Opulaster  pauciflorus,  Ceanothus  velutimis  and 


Fig.  3.    A  young  forest  of  white  fir,  tamarack,  anti  cedar  occupying  a  cut- 
over  north  slope  in  Thatuna  Hills. 


Salix  scouleriana  make  up  the  chief  slii-ubby  growth  on  the  south 
slope,  often  covering  many  square  meters  exclusively.  On  the 
north  slope  both  Opulaster  pauciflorus  and  Ceanothus  velutinus 
occur  but  rai'ely,  while  Vaccinium  membranaceum  is  more  abun- 
dant than  Salix  scouleriana.  Coptis  occidenialis,  Clinionia  uni- 
fiora,  Thaliclrum  occidentale,  Milella  stauropetala,  Galium  sp., 
Asarum   caudatum,  Anemone  piperi,  Pyrola  bracteata,  Cytherea 
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bulbosa  and  species  of  Smilicina,  all  found  here,  are  typical 
plants  of  the  more  moist  slopes  and  contrast  markedly'  with 
Calamagrostis  suksdorfii,  Bromus  marginatus,  Pteridium  aquili- 
num  var.  pubescens,  Pcnstemon  pinetoTum,  Phaca  mortoni,  Aster 


*^ 
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Fig.   i.     Tlio  steep  south  exposure  just  opposite  tluU  sliowii  in  Figure  3,  clotlied 
with  an  open  forest  of  yellow  pine,  red  fir,  and  tamarack. 

conspicuus,  Anaphalis  margarilacea  var.  occidentalis,  Anicnnaria 
racemosa,  Pedicularis  racemosa,  and  Berberis  repens,  foinid  on 
the  more  open  south  mountain  side. 
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About  20  years  ago  many  sf|uaro  inilos  of  those  hills  were 
overrun  by  a  fire  which  destroyed  more  or  less  completely  much 
of  the  virgin  timber,  leaving  here  and  there  a  few  living  trees  rep- 
resenting the  different  species  to  serve  as  seed  trees  in  subse- 


Fig.  5.  A  virgin  forest  of  white  fir,  tamarack  and  cedar.  Characteristic 
plants  are  Acer  glabrum  var.  douglasii,  Lonicera  utahcnsis,  Vacciiiium  memhran- 
aceum,  Ribes  lacusirc,  Thalictrum  occidcnlalc,  and  Disporuvi  spp.,  under  which  is 
a  carpet  of  SmiUcina  sessih'folia ,  Coptis  occidentalis,  Asarwn  caudatum,  and  Clin- 
tonia  umflorn.     Thatuna  Hills,  Idaho. 

quent  years.     These  burns  covered  chiefly  the  north  and  north- 
east slopes  of  the  mountains.     In  these  mixed  forests  of  white 
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fir,  tamarack,  Douglas  fir  and  cedar,  the  thick-barked  tamarack 
suffered  least  and  often  only  the  trees  of  this  species  less  than  6 
to  8  inches  in  diameter  were  killed.  This  gave  rise  to  what  are 
apparently  nearly  pure  forests  of  tamarack;  but  in  most  all 
cases  sufficient  seed  trees  of  the  other  species  were  left  to  insure 
re-seeding;  and  at  present  a  new  generation  of  white  fir  and 
tamarack  are  especially  prominent  (fig.  6).  In  some  of  the  more 
accessible  canons,  lumbering  has  been  carried  on  and  in  some 
places  the  operations  of  the  lumberman  have  been  followed 
by  ground  fires,  some  of  which  must  have  occurred  not  more 
than  5  years  prior  to  the  time  when  the  authors  made  their 
observations. 

On  these  most  recent  burns  the  predominating  plants  were 
Epilobium  angnstifoHum ,  and  Carduus  brewer i  and  occasional 
specimens  of  Erigeron  acris.  These  three  species  along,  with 
other  annuals  and  biennials  and  some  young  willows  afforded 
conditions  suitable  to  the  early  growth  of  the  scattered  seedhngs 
of  Larix,  Pseudotsuga  and  Piiius  ponderosa,  which  had  already 
estabUshed  themselves.  On  those  slopes  formerly  occupied  by 
a  mixed  forest  of  larch,  Douglas  fir,  white  fir,  spruce,  and  white 
cedar,  it  was  interesting  to  note  that  in  the  older  burns  these  same 
species  had  succeeded  in  reestablishing  themselves.  Cutting  off 
a  large  number  of  the  trees  of  each  species  at  the  surface  of  the 
ground  and  counting  the  annual  rings,  it  was  found  that  the 
most  xerophytic  species,  i.e.,  Douglas  fir,  yellow  pine,  and  larch, 
were  the  oldest,  and  therefore,  the  first  to  establish  themselves. 
It  is  also  a  matter  of  interest  to  note  that  a  period  of  2  or  more 
years  must  elapse  before  any  })ut  a  limited  number  of  even  the 
hardiest  of  these  trees  can  launch  into  permanency.  Naturally, 
those  slopes  and  situations  affording  the  greatest  degree  of 
protection  from  evaporation  and  excessive  heat  and  light  produce 
a  more  abundant  stand  of  those  annuals  and  biennials  which  pre- 
pare the  way  for  the  coniferous  forest  of  later  years.  And 
observation  has  shown  that  the  preparation  of  exposed  slopes  for 
coniferous  seedlings  is  considerably  delayed  because  of  the  lim- 
ited number  of  individual  herbaceous  plants  produced  in  any 
season  and  the  consequent  slow  accumulation  of  humus. 
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During  the  month  of  August,  1910,  the  greater  part  of  north- 
ern Idaho  and  much  of  eastern  ^Montana  were  swept  by  one 
of  the  most  extensive  and  destructive  forest  fires  ever  experi- 
enced in  that  part  of  the  country.     In  many  heavily  wooded 


Fig.  G.     Interior  view  of  a  forest  burned  over  about  26  years  ago.     The  older 
trees  are  mostly  tamarack  under  which  the  white  fir  is  especially  abundant. 

canons  the  draft  was  so  violent  during  the  fire  and  the  heat  so 

intense  as  to  destroy  every  vestige  of  life  above  ground  (fig.  7). 

The  town  of  St.  Claries,  Idaho,  lies  against  the  slopes  of  foot- 
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hills  which,  prior  to  1910,  were  covered  with  a  more  or  less  mixed 
forest  of  coniferous  trees  comprising  the  following  species: 
Pseudotsuga  mucronata,  in  practically  all  situations;  Pinus  pon- 
derosa,  abundant  on  south  slopes  and  in  exposed  and  rocky 
situations;  Larix  occidentalis  associated  with  Abies  grandis  and 
Pseudotsuga;  Pinus  monticola  and  Thuya  plicata  accompanied 


Fig.  7.     Anokl   ■burn''  in  Ferry  Count)',  W  iisliington.     Ty  pica  1  representation 
of  the  destruction  by  fire  of  the  coniferous  forests  of  the  Northwest. 


by  indi\'idual.s  of  Pficudotauga  aiitl  Abies,  confined  generally  to 
the  canons  and  rich  levels  at  the  bases  of  north  slopes. 

These  mountain  slopes  were  overrun  by  fire  on  August  21  and 
22,  1910.  Seeming  to  represent  fairly  the  average  forest  condi- 
tions for  northern  Idaho,  it  was  decided  that  here  if  anywhere 
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would  be  the  most  satisfactory  place  to  carry  on  a  study  of  the 
problem  of  natural  reforestation.  The  region  was  not  visited 
during  the  summer  of  1911,  hence  a  complete  account  of  the 
jikuit  successions  and  list  of  species  can  not  be  furnished.  But 
observations  made  on  east,  north  and  northwest  slopes  on  May 
25,  1912,  estal)lishcd  the  fact  that  in  all  probal)ility  Funaria 
hygrometrica  and  Marchantiu  polymorpha  were  among  the  \^ery 
first  of  the  pioneers  to  help  reclaim  the  unshaded  and  charred 
soil.  It  was  also  possible  to  identify  the  following  angiosperms 
of  the  preceding  year's  growth:  Carduus  breweri,  Erigeron  sp., 
Epilubium  angusldfolium,  Arnica  cordijolia,  Salix  sp.,  Physo- 
carpus  pauciHorus,  and  Erythroniuvi  grandiflorum.  It  is  not 
unlikely  that  other  more  perishable  species  were  present,  but 
identifiable  remains  were  quite  wanting. 

Plants  observed  on  May  25,  1912,  and  belonging  to  the 
1912  growth  were  the  following:  predominant  everjT\-here, 
Epilobium  ayigusli folium,  individuals  of  which  varied  in  size 
from  that  of  mere  seedlings  to  plants  12  to  18  inches  in  height. 
These  (fire  weeds)  often  occur  as  abundantly  as  34  individuals 
per  square  meter,  and  certainly  do  much  toward  reducing  light 
intensities  and  evaporation.  Thousands  of  the  .smallest  of 
these  were  succumbing  to  an  epidemic  of  Aecidium.  Other 
herbaceous  plants  observed  were  Carduus  breweri,  everywhere 
abundant;  and  here,  as  observed  elsewhere,  one  of  the  first 
seed  plants  to  secure  a  footing  in  forest  burns.  Associated 
with  Epilobium  and  Carduus  were  Erigeron  acris,  Arnica  cordi- 
folia,  Anlennaria  luzuloides,  and  Salix  scoideriana.  These  spe- 
cies all  depend  upon  wind  for  seed  distribution;  and  doubtless 
this  accounts  in  some  measure  for  the  fact  that  they  are  among 
the  vci-y  first  seed  plants  to  take  possession  of  fire  devastated 
areas. 

Everj'  inch  .of  ground  seemed  to  be  occupied  by  Funaria,  a 
plant  of  very  considerable  importance  to  the  complete  develop- 
ment of  other  forms,  because  of  the  double  role  it  plays  in  the 
conservation  of  soil  moisture  and  the  formation  of  humus. 

Other  plants  were  Physocarpus  pauciflorus,  Rosa  gymnocarpa, 
Potenlilla  sp.,  Mitella  stauropelala  (abundant),  Leptotaenia  mul- 
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tiMa,  Rubus  nutkanus,  Disporum  trachycarpum,  Arenaria  macro- 
phylla,  Antennaria  luzuloides,  Coptis  ocddentalis,  Viola  canina, 
two  species  of  Lathyrus,  Vicia  sp.,  Zygadenus  venenosus,  Friiil- 
Inria  lanceoJata,  and  Eryihronium  grandiflorum.  The  three  last 
named  plants  occurred  in  considerable  abundance  and  upon 
investigation  it  was  found  that  their  bulbs  were,  in  every  case 
examined,  at  depths  of  5  to  7  inches  below  the  soil  surface.  These 
bulbous  plants  could  have  been  hardlj'  so  abundant  had  they  de- 
pended upon  winds  or  other  natural  carrying  agents  for  the 
distribution  of  their  seed.  It  is  also  quite  probable  that  many 
if  not  all  the  shrubs  in  which  an  underground  root-stock  develop- 
ment obtains  were  able  to  withstand  the  effects  of  the  fire.  In 
fact,  one  can  with  difficulty  account  for  the  abundance  and 
general  distribution  of  such  plants  in  any  other  way,  for  their 
growth  habits,  are  such  as  to  preclude  the  possibility  of  so  much 
development  in  a  single  season  from  seed.  It  is  of  interest  here 
to  note  that  in  spite  of  the  terrific  heat  which  must  have  pre- 
vailed over  those  mountain  slopes,  except  where  the  undergrowth 
was  dense,  a  considerable  depth  of  humus  remained  intact. 
Where  this  was  wholly  consumed  and  the  soil  had  been  washed 
bare  by  rains  there  was  a  fairly  complete  turf  of  Funaria  and 
Marchaniia  along  with  certain  herbaceous  plants  already  given. 
The  effects  of  this  forest  fire  were  more  profound  in  certain 
parts  of  the  forest  than  in  others,  depending  somewhat  upon 
the  topography  of  the  devastated  region.  In  the  "draws"  or 
small  lateral  canons  where  growth  conditions  were  such  as  to 
produce  the  most  excellent  stand  of  white  pine  {Pinus  monti- 
cola),  Douglas  fir,  white  fir  and  cedar,  the  fire  was  most  destruc- 
tive, leaving  no  trees  alive.  Whereas,  on  lateral  or  secondary 
ridges  it  was  frequently  observed  that  from  25%  to  75%  of  these 
species,  including  yellow  pine,  survived  the  heat.  These  con- 
stituted the  seed  trees  so  valuable  in  the  reforestation  now 
going  forward. 

A  diligent  search  was  made  for  any  seedlings  of  the  cone- 
bearing  trees  characteristic  of  the  region  under  observation, 
and  a  few  were  found.  A  limited  number  of  these  (all  were 
Larix  occidenialis)  were  from  seed  germinated  in  1911,  but  the 
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majority  were  but  a  few  weeks  old  at  the  time  of  observation. 
They  were  indeed  scarce;  not  more  than  sixty  to  eighty  per  acre 
on  east  and  north  slopes  and  none  at  all  on  south  and  south- 
east or  southwest  exposures.  In  two  instances  it  was  observed 
that  as  many  as  fifteen  to  twenty  seedlings  were  growing  in  one 
spot  as  though  a  cone  had  become  planted  and  all  its  viable  seeds 
had  germinated.  The  area  investigated  seemed  to  show  no 
signs  of  any  otlier  conifer,  which  fact  corroborates  observations 
of  a  similar  nature  made  2  years  earlier  in  a  certain  denuded  sec- 
tion in  the  Thatuna  Hills. 

In  September,  1912,  anothci-  {yip  was  taken  to  tlie  hills  about 
St.  IVIaries,  and  it  was  found  that  between  May  25  and  the 
(September  date  many  seedlings  of  Thvi/a,  Larix,  Psendolsuga 
and  a  few  of  Ahie^  Iiad  sprung  into  existence,  apparently  from 
seed  of  scattered  surviving  parent  ti-ees  in  the  immediate  neigh- 
borhood. Their  distribution  was  very  irregular.  In  some 
areas  of  a  square  meter  or  more  none  could  be  found,  while  in 
other  more  favored  spots  the  seedUngs  would  average  as  many 
as  eight  per  scjuare  meter.  The  ground  occupied  by  these 
seedlings  was  well  co\-ercd  with  a  mulch  of  the  dead  leaves  and 
stems  of  such  herbaceous  plants  as  have  already  been  described 
for  the  region. 

An  examination  of  denuded  south  slopes  where  the  original 
forest  growth  consisted  of  an  abundant  .stand  of  Pinus  ponderosa 
with  scattered  individuals  of  Pseudotsuga  mucronata  resulted  in 
the  enumeration  of  the  following  plants:  Funaria  hygromelrica, 
Achillea  sp.,  Syniphon'carpos  racemosus,  Pleridium  nquilimnn  ^•ar. 
pubescens  (most  abmidant),  Epilobium  paniculalum,  Carduus 
breweri,  all,  excepting  Pleridium,  about  equalh'  abundant  and 
intermingled  so  as  to  form  a  semi-shaded  area.  Stray  sj)eci- 
mens  of  Aster  douglasii,  Rosa  nulkana,  and  Gnaphalium  sp.  were 
observed;  and  in  spots  Berheris  repens  was  predominant. 

The  most  careful  search  failed  to  reveal  any  coniferous  seed- 
lings even  in  the  most  favorably  shaded  ravines  of  these  south 
slopes,  an  absence  due,  no  doubt,  to  insuflicient  soil  moisture  and 
excessive  evaporation,  although  the  writers  had  no  recording 
instruments  in   this  field.     That    these  same  south  mountain 
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sides  and  their  ravines  and  canons  will  in  the  course  of  time 
be  reclaimed  by  a  new  growth  of  yellow  pine  and  Douglas  fir 
can  not  be  prevented  so  long  as  ground  fires  do  not  occur  and 
natural  growth  conditions  are  not  obliterated. 

An  example  of  the  j-ellow  pine,  our  hardiest  tree  pioneer,  tak- 
ing possession  of  an  extremely  xerophytic  situation  was  care- 
fully observed  on  Kamiak  ^fountain  during  the  sununer  of 
1913.     Near  the  top  of  the  mountain  where  the  soil  is  rocky. 


Fig.  8.  A  prairie  on  the  exposed  south  slope  of  a  quartzite  butte  near  Viohi, 
Idaho.  It  is  being  invaded  by  yellow  pines  which  occupy  the  crest  and  the  north- 
west side  of  the  butte  and  the  ravine  in  the  foreground. 

Pinus  potiderosa  has  succeeded  in  establishing  itself  on  the  ex- 
po.sed  south  slope.  A  weeklj-  record  was  kept  of  the  evaporating 
power  of  the  air  and  of  the  moisture  content  of  the  soil  near  the 
edge  of  a  group  of  pine  trees  under  cover  of  which  a  few  three- 
and  four-year-old  seedhngs  were  growing.  On  iMa\-  10  a  25  cm. 
core  of  this  quartzitic  soil  contained  21*;  ^  of  its  dry  weight  (at 
105°C.)  of  water.  The  soil  moisture  gradually  decreased  until 
on  July  24  only  7.4%  remained,  and  this  was  reduced  to  4% 
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Ijy  September  5.  The  wilting  coefficient  of  this  soil  free  from 
rocks  is  10%,  and  records  show  that  after  Julj'  20  of  1913  no 
moisture  was  available  in  the  first  25  cm.  of  soil.  During  the 
whole  period  from  -May  10  to  September  5  the  average  daily 
evaporation  was  24  cc.  and  during  the  week  ending  August  29  it 
ran  as  high  as  44.8  cc.  daily;  and  still  the  seedlings  were  not 


Fig.  9.     The  northeast  side  of  the  same  biitte  shown  in  Figure  8.     Douglas 
fir  and  tamarack  are  the  cliief  components  of  this  forest. 

killed!  In  fact  the  soil  mulch  of  needles  and  the  shade  afforded 
by  the  i)arent  trees  kept  down  the  evaporation  considerably  both 
from  soil  and  air,  as  compared  with  a  prairie  station  a  few  meters 
lower  down  the  mountain  slope. 


'  Weaver,  John  Ernst,  Evaporation  and  Plant  Succession  in  Southeastern 
Washington  and  Adjacent  Idaho.  "The  Plant  World.  17:  27.3-294,  1914. 
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This,  we  believe,  is  an  extreme  case,  but  it  illustrates  possi- 
bility of  tree  growth.  The  junior  writer  has  shown^  that  although 
the  yellow  pine  stage  in  succession  is  usually  preceded  by  shrubs, 
especiall}'  Opulaster  pauciUorus,  Prunus  emarginata,  Spiraea 
corymbosus,  or  species  of  Ceanothus,  it  is  still  able  to  invade  the 
prairie  even  without  the  protection  of  an  intervening  shrubby 
stage  (figs.  8  and  9). 

In  a  region  such  as  the  Pacific  Northwest  where  summer 
rains  are  rare  or  altogether  wanting,  a  new  growth  of  coniferous 
trees  depends  upon  soil  moisture  conservation.  Soil  moisture 
in  sufficient  amount  to  tide  seedUngs  over  a  four  months'  period  of 
drought  and  sunshine  depends  upon  the  presence  of  sufficient 
himius  to  retain  the  moisture  and  at  the  same  time  support  a 
forest  cover-growth  of  early  maturing  plants  which  will  afford 
some  protection  to  the  tree  seedlings  of  all  but  the  most  xero- 
phytic  species  such  as  the  yellow  pine  and  Douglas  fir.  That 
the  growth  of  herbaceous  plants  and  shrubs  may  be  so  dense 
as  to  preclude  the  development  of  the  young  conifers  not  in- 
frequently happens.  That  the  preclusion  of  tree  seedlings  is 
usually  due  to  light  is  a  question  to  be  determined  by  experi- 
ment and  in  the  field.  Repeated  observations  and  measurements 
of  the  soil  moisture  content  and  the  evaporating  power  of  the  air 
together  with  light  values  show  conclusively  that,  although  the 
soil  moisture  may  be  far  more  than  sufficient  for  tree  growth  and 
the  humidity  of  the  air  relatively  high,  yet  when  the  light  values 
drop  to  V5  of  normal  sunshine  our  hardiest  pioneer,  the  yellow 
pine,  is  excluded.  These  observed  facts  invite  the  inference  that 
light  is  here  the  factor  of  prime  importance.  Of  soil  moisture 
and  humus  there  may  be  plenty,  but  if  light  beyond  a  certain 
degree  is  shut  out  these  seedlings  will  not  be  found. 


BOOKS  AND  CURRENT  LITERATURE 

A  Manual  ok  Wkeds. — This  delightfully  written  book'  forms  a  part 
of  the  series  of  Rural  Manuals  edited  Ijy  Dr.  L.  H.  Bailey.  The  vol- 
ume begins  the  subject  by  defining  a  weed  as  "a  plant  that  is  growing 
where  it  is  desired  that  something  else  shall  grow."  The  duration  of 
life  of  the  different  kinds  of  weeds  is  discussed,  also  some  geneial  rules 
for  preventing  the  growth  of  weeds,  and  the  financial  loss  due  to  weeds. 
We  are  told  that  the  loss  to  Minnesota  alone  from  dockage  because  of 
weed  seeds  amounts  to  S2, 000, 000  annually. 

Weeds  may  be  useful  because  they  enforce  tillage.  This,  discussion 
is  followed  by  a  brief  account  of  the  dissemination  of  weeds  and  chemi- 
cal herbicides.  Then  follows  the  descriptive  list  of  the  weeds  of  the 
United  States  and  Canada.  The  descriptions  are  all  ample  and  most 
of  the  weeds  are  figuied.  These  drawings  are  for  the  most  part  excel- 
lent. It  would  be  difficult  to  recognize  ([uack  grass  on  p.  62,  to  dis- 
tinguish Setaria  liridis  and  Setaria  glauca,  32  and  33.  To  these  and  a 
few  others  detail  drawings  of  the  spike  and  the  floret  would  have  aided 
in  recognition. 

A  most  useful  feature  of  the  book  is  the  listing  of  all  common  names. 
Thus  for  Johnson  grass  there  are  given  eight  English  names,  for  the 
common  horsetail,  six.  The  accepted  common  name  is  given  in  bold 
faced  type  followed  by  the  botanical  name.  This  is  a  most  commenda- 
ble feature.  Time  of  bloom,  seed  time,  range  and  habitat  all  precede 
the  description.  In  some  cases  then,  the  author  gives  a  little  history 
on  the  introduction  of  the  weed.  When  poisonous,  something  is  said 
about  its  attack  on  animal  and  man.  When  the  plant  is  useful  for 
food  or  in  medicine,  the  fact  is  mentioned.  This  is  followed  by  means 
of  control  of  the  weed.  The  statements  are  very  concise  and  will  be 
most  helpful  to  those  who  are  interested  in  this  important  subject. 

Some  of  the  plants  described  arc  weeds  only  in  a  few  places  in  East- 
ern North  America.     It  is  always  difficult  to  drijw  a  sharp  line  between 

'  Georgia,  Ada  E.,  A  Manual  of  Weeds,  with  descriptions  of  all  of  the  inosi 
troublesome  plants  in  the  United  States  and  Canada,  their  habits  of  growth 
and  distribution,  with  methods  of  control.  Pp.  593,  385  illustrations  by  F. 
Schuyler  Mathews.     The  Maomillan,  Company  Xew  York.     1914. 
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a  weed  and  a  plant  that  is  not  injurious.  A  plant  may  be  a  weed  in 
one  place  and  not  in  another.  Epilohium  spicatum  is  a  most  troulile- 
some  weed  in  the  northwest.  It  is,  however,  seldom  seen  in  the  southern 
Minnesota  or  in  Iowa.  Its  range  in  the  Manual  is  not  correct,  nor  is 
the  range  correct  for  Eaniinadus  acris.  This  species  is  rare  in  Iowa, 
although  common  eastward  ahd  in  the  Lake  Superior  region.  The 
figures  of  Lepidium  apeialum  and  Lepidium  virginicum  should  be  trans- 
posed. Aside  from  a  few  such  slips,  the  Manual  is  well  prepared  and 
is  a  worthy  companioa  of  other  treatises  on  weeds,  that  have  appeared 
in  recent  years.  The  make-up  of  the  book  is  splendid.  The  volume 
should  find  a  place  in  the  public  school  library,  where  books  of  this 
kind  are  needed  to  supplj'  information  to  those  who  are  studying  weeds, 
and  it  will  also  prove  a  most  ser\'iceable  and  valuable  book  to  many 
college  students. — L.  H.  Pammel. 

Ferns  of  Washington. — ^Frye  and  Jackson's  little  book,  The  Ferns 
of  Washington,^  is  doing  much  to  jiromotc  a  more  general  knowledge 
of  the  ferns  of  that  state.  The  edition  is  a  limited  one,  only  500  copies 
having  been  printed.  The  writers  find  in  the  state,  30  species  of  Poly- 
podiaceae,  and  G6  species  of  pteridophytes  in  all.  The  habitat  and 
general  range  of  each  species  is  given,  but  not  the  raiige  within  the 
state. 

The  work  has  a  key  to  families  and  keys  to  genera  and  species. 
These  keys  are  admirable  in  that  just  as  few  technicalities  as  possible 
are  introduced  into  them.  The  families,  genera,  and  species  are  all 
described.  The  plates  made  from  [jhotographs  and  drawings  aid 
greatly  in  the  identification  of  species,  and  add  much  to  interest  in  this 
attractive  group  of  plants  which  form  such  a  conspicuous  feature  of 
the  vegetation  in  many  portions  of  the  state. — George  B.  Rigg. 

■'  Frye,  T.  C.  and  Jackson,  Mabel  M.,  The  Ferns  of  Washington.  Reprint 
from  Am.  Fern  Jour.  3:  65:83  and  97-108,  1913,  and  4:  6-14  and  41-57,  1914.  Pp. 
60,  pi.  20.     Lowman  and  Hanford,  Seattle,  1914.     (S0.40.) 


NOTES  AND  COMMENT 

An  Agricultural  Atlas  uf  the  United  States  is  being  prepared  bj-  the 
Office  of  Farm  Management  in  Washington,  under  the  immediate  di- 
rection of  Mr.  0.  E.  Baker.  The  Atlas  will  exhibit  cartograjihically 
the  latest  statistics  of  crops,  hve  stock,  forest  products,  and  farm  prop- 
erty, and  will  show  the  distribution  of  areas  under  irrigation  or  dry 
farming.  An  entire  section  of  the  Atlas  will  be  devoted  to  climate, 
and  it  has  been  carefully  planned  to  exhibit  just  those  aspects  or  in- 
tensities of  climatic  conditions  which  are  of  importance  to  vegetation 
and  to  crops.  There  will  also  lie  a  section  devoted  to  hypsometric, 
geological,  soil  and  other  physical  maps.  The  completed  Atlas  will  be 
of  great  usefulness  in  educational  and  research  work,  as  well  as  for 
reference. 

A  tract  of  land  near  Greenfield,  New  York,  has  been  given  to  the 
state  for  the  purpose  of  preserving  a  large  ledge  of  fossil  algae  situated 
upon  it.  A  shelf  of  Cambrian  limestone  has  been  planed  off  by  glacial 
ice  so  as  to  expose  sections  of  Cryplozoon,  a  hemispherical  calcareous 
marine  alga.  The  tract  will  be  named  Lester  Park,  in  honor  of  its 
donor,  antl  it  will  be  noteworthy  as  the  first  fossil  botanical  garden — • 
although  it  is  by  no  means  the  first  fossilized  botanical  garden. 
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ATMO-AIETRY  AND  THE   POROUS   CUP  ATMOIMETER 

BURTON  EDWARD  LIVINGSTON 
The  Johns  Hopkins  University,  Baltimore,  Md. 

II 

THE   MAIN   FORIMS    OF   ATMOMETER 
Choice  as  to  Form  of  Instrument 

From  what  has  been  said  in  the  last  section  the  question 
arises :  if  the  readings  of  one  form  of  atmometer  cannot  be  reduced, 
by  mathematical  treatment,  to  readings  that  might  have  been  had 
from  some  other  form  of  instrument  (operating  in  the  same  place 
and  at  the  same  time),  then  by  what  criteria  is  the  investigator 
to  decidewhat  sort  of  instrument  to  employ  in  a  series  of  compara- 
tive measurements?  Obviously,  from  the  x^vy  nature  of  evapora- 
tion and  from  the  medley  of  conditions  by  wliich  it  is  influenced, 
the  kind  of  evaporation  to  be  studied  must  form  the  basis  for  this 
decision. 

Where  it  is  desired  to  approximate  the  rate  of  water  loss  from 
reservoirs  and  other  large  bodies  of  water,  the  floating  pan  is 
doubtless  the  most  suitable  instrument;  it  exposes  a  free  water 
surface  in  much  the  same  manner  as  does  the  reservoir  itself. 
\^^here  the  study  in  hand  involves  the  measurement  of  the  evap- 
orating power  of  the  air  as  this  affects  plant  transpiration,  some 
form  of  saturated  paper  or  porous  clay  surface  is  to  be  eho.sen; 
such  surfaces  may  be  exposed  in  a  manner  fairly  comparable  to 
the  exposure  of  transpiring  plant  parts.  To  study  evaporation 
from  soils,  a  box  or  ])an  of  moist  soil  seems  more  logical  as  an 
instrument  than  does  a  pan  of  water,  though  paper  and  porous 
clay  surfaces  may  be  adapted  to  this  need.  In  short,  the  surface 
by  means  of  which  the  evaporating  j)ower  of  the  air  is  to  be  meas- 
ured should  possess  as  nearly  the  same  form  as  possible  and 
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should  be  given  the  same  kind  of  exposure  as  have  the  surfaces 
upon  which  the  action  of  evaporating  jjowcr  is  to  be  studied. 

Aside  from  this  general  principle,  however,  there  are  various 
advantages  and  disadvantages  connected  with  the  use  of  each 
form  of  atmometer  so  far  devised.  .V  few  considerations  in  this 
connection  may  find  place  here. 

The  ()j)cu  Pan  nr  Tank 

One  of  the  main  difficulties  encountered  in  operating  free 
water  surfaces  of  considerable  extent  arises  from  the  secondary 
wind  effect.  Increased  wind  velocity  increases  the  evaporation 
rate,  but  at  the  same  time  increases  the  extent  and  alters  the 
form  of  the  free  water  surface,  throwing  it  into  ripples  or  waves. 
Thus  the  effect  of  rapid  air  movement  cannot  ever  be  studied  with 
free  liquid  surfaces;  the  fluctuation  of  the  condition  to  be  studied 
causes  marked  alteration  of  the  indrument  itself.  Furthermore, 
witli  high  wind  there  is  great  danger  of  mechanical  removal  of 
water  from  the  pan,  by  spray  and  splashing. 

To  prevent  splashing  it  is  essential  to  allow  a  portion  of  the 
lateral  walls  of  the  container  to  project  above  the  water  sur- 
face, and  these  projecting  walls  introduce  variations  in  the 
efTects  produced  by  external  changes.  With  a  high  wind  the 
effect  of  the  lateral  protection  may  be  negligible,  with  but  slight 
air  currents  this  effect  is  much  more  marked.  In  general,  it  is 
of  course  relatively  more  pronounced  for  small  than  large  pans. 

.\nother  serious  difficulty  in  tank  operation  arises  from  the 
fact  that  the  depth  of  the  water  surface  below  the  margin  of  the 
tank  and  the  amount  of  water  beneath  the  surface  can  be  main- 
tained only  approximately  constant,  this  usually  by  spasmodic 
additions.  Here  evaporation  itself  alters  the  nature  of  the  ex- 
posed surface  by  changing  the  height  of  the  projecting  rim  and 
the  amount  of  water  present.  Also,  the  addition  of  water  in 
times  of  rain  is  always  a  source  of  serious  trouble,  further  com- 
plicated by  the  fact  that  raindrops  frequently  cause  splashing 
and  formation  of  spray. 

Besides  the  addition  of  water  by  rain  and  its  mechanical 
removal  by  rain  impact  and  by  wind  action,  there  is  frequently 
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danger  of  removal  of  water  by  animals,  especially  small  birds, 
which  can  rest  on  the  edge  of  the  tank  while  drinking.  More  than 
that,  small  animals,  especially  insects,  fall  into  the  water  and 
often  remain  floating,  thus  seriously  altering  the  surface.  To 
avoid  such  disturbance  wire  screens  must  be  introduced.  These 
modify  the  wind  action  seriously  and  thus  complicate  the  instru- 
ment, for  all  instruments  with  screens  must  have  similar  screens. 
It  is  scarcely  practicable  to  screen  tanks  from  small  insects,  the 
wind  effect  is  so  greatly  modified  by  fine-meshed  wire  cloth. 

In  dealing  with  the  evaporating  power  of  the  air  as  an  en- 
vironmental condition  for  organisms,  the  free  water  surface  is 
practically  useless  beyond  a  rough  approximation;  it  is  next  to 
impossiljle  to  give  the  evaporating  surface  any  but  a  horizontal 
])osition  (barring  wave  motion)  and  it  cannot  conveniently  have 
any  other  form  than  that  of  a  plane.  Since  it  is  essential,  in 
such  environmental  studies,  to  give  to  the  instrumental  evaporat- 
ing surface  approximately  the  same  exposure  as  that  presented 
b}^  the  animal  or  plant  surfaces  to  be  dealt  with,  it  is  clear  that 
only  water-imbibing  surfaces  {e.g.,  paper,  porous  clay)  can  thus 
be  conveniently  employed. 

Finally,  even  fair  accuracy  of  reading  for  short  periods  has 
never  been  possible  with  free  surfaces;  only  small  pans  can  be 
carefully  weighed,  the  instrument  must  be  protected  from  wind 
during  the  process  of  weighing,  which  occupies  considerable  time, 
and  the  errors  thus  introdu(;ed  become  relatively  very  large  when 
periods  of  minutes  or  hours  are  employed. 

The  Piche  Atmometer  (Fig.  1) 

The  Piche  instrument,''  having  a  disk  of  saturated  blotting 
j)aper  held  horizontally  against  the  lower  (otherwise  open)  end 
of  a  graduated  glass  tube,  which  is  closed  above,  possesses  a  num- 
ber of  advantages  over  the  free  water  surface.    The  evaporating 

^  Piche,  A.,  Xote  sur  ratiiiismometre,  instrument  destin(3e  h.  niesurer  I'dvapo- 
ration.  Bull.  Assoc.  Sci.  France  10:  166-167,  1872.  In  this  connection  and  in 
that  of  the  Piche-Cantoni  atmometer,  sec:  Livingston,  B.  K.,  Paper  atnioraeters 
for  studies  in  evaporation.  Plant  World  14:  2S1-289,  1911.  Diagrams  are  there 
presented,  and  are  reproduced  in  the  present  paper. 


Fig.  1.  Diagram  showing  essentials  of  the  Pichc  atinometer.  R,  water 
reservoir;  D,  saturated  paper  disk,  the  hitter  supported  against  base  of  reservoir 
by  metal  disk  {€).  Spring  (IC)  is  attached  by  elip  (F)  to  reservoir  and  applies 
pressure  to  D.     (Reprinted  from  Plant  Worlil  14:  2.S6,  1911.) 

Fig.  2.  Diagram  showing  essentials  of  the  Piche-Cantoni  atmometer.  li, 
burette  reservoir  for  water,  filled  at  will  through  tube  (T)  from  higher  supply, 
cut  off  by  cock  {P).  D,  absorbent  paper  disk,  as  in  Piehe  instrument,  held  against 
the  top  of  supply  tube  (B)  by  double  spring  (11')  attached  at  F  and  applying 
pressure  to  plate  (C).     (Reprinted  from  Plant  World  14:  2S6,  1911. 

Fig.  3.  Diagram  showing  essentials  of  the  Livingston  i)aper  cylinder  at- 
nidineter,  the  rest  of  the  instrument  as  in  figure  2.  E.  tin  supply  tube;  D,  ab- 
sorbent paper  cylinder;  L,  cork  supports  holiling  lower  edge  of  cylinder  in  place; 
.S,  tin  seat,  against  which  top  of  cylimlcr  is  appressed  by  glass  cap  (C).  The 
latter  is  held  in  place  by  wire  spring  (F),  cemented  to  C  at  7v'  and  flexed  by  fine 
wires  (TF),  the  latter  attached  to  tube  at  F.  (Reprinted  from  Plant  World  14: 
286,  1911.)     . 
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surface  is  here  that  of  imbibed  water,  held  in  place  by  the  cohe- 
sion of  the  surface  fihns  themselves  (surface  tension)  and  by  their 
adhesion  to  the  supporting  paper  fibers.  Distilled  water  is  sup- 
plied to  the  disk  from  the  tube  and  air  enters  at  the  center  of  the 
disk,  through  a  very  small  opening  in  the  paper,  as  water  is  with- 
drawn. Waves  and  splashing,  considerable  removal  of  water  by 
animals,  and  serious  obstruction  of  the  surface  by  the  bodies  of 
the  latter,  are  here  not  encountered.  Also,  the  entire  instrument 
may  be  readily  weighed  or  it  may  be  read  in  volume  units. 

The  hydrostatic  pressure  upon  the  paper  is  rather  irregularly 
variable,  however;  the  entrance  of  air  through  the  pin-hole  is 
spasmodic,  so  that  a  considerable  error  is  introduced  into  small 
readings.  Also,  the  paper  disk  is  apt  to  be  deformed  by  strong 
wind,  a  feature  comparable  to  that  of  ripples  and  waves  on 
free  water. 

The  horizontally  placed  disk,  with  its  central  obstruction  to 
free  wind  action,  while  furnishing  an  exjKisure  to  atmospheric 
conditions  much  more  suitable  to  biological  needs  than  that 
offered  by  the  open  pan,  nevertheless  leaves  much  to  be  desired. 
Especially  noteworthy  is  the  fact  that  the  Piche  instrument  must 
always  operate  as  a  unit ;  it  is  practicalh'  impossible  to  place  the 
evaporating  portion  at  a  distance  from  the  graduated  reservou-, 
an  arrangement  often  desirable  in  physiological  studies. 

Since  all  the  water  evaporated  must  jiass  longitudinally 
through  the  paper  disk,  from  the  central  point  of  supply  to  the 
place  of  final  vaporization,  the  size  of  the  disk  must  be  suited 
to  the  atmospheric  evaporating  power  to  be  dealt  with.  In  a 
region  of  low  evaporation  intensity  the  disk  may  be  large,  but 
must  be  smaller  (to  prevent  the  edges  becoming  dry  at  times) 
ill  an  arid  region.'^ 

'  This  i)lK'nomclioii  of  dried  disk  edges  has  been  described,  in  another  con- 
nection, in  the  foIlowinK;  Livingston,  B.  E.,  and  Brown,  VV.  li.,  Ilclation  of  the 
daily  march  of  transpiration  to  variations  in  the  water  content  of  foliage  leaves. 
Bot.  Gaz.  63:  309-330,  1912.    See  page  313. 
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The  Piche-Cantoni  Atmomekr  (Fig.  2) 

This  instnimont'  is  a  modification  of  that  of  Piche,  the  respr- 
voir  of  water  l)cing  here  placed  below  and  the  paper  disk  above. 
Practically  all  the  essential  details  of  operation  are  the  same  as 
with  the  Piche,  excepting  that  the  spasmodic  water  move- 
ment fcoincident  with  having  the  reser^-oir  above)  is  here  avoided, 
and  that  the  evai)orating  surface  may  be  placed  at  a  considerable 
distance  from  the  reservoir,  in  more  satisfactory'  relation  to  plant 
foliage,  etc.     Distilled  water  should  be  used. 

The  Pickering  Atmometer 

In  the  Pickering  instrument'  a  rectangular  piece  of  ab.sorbent 
paper  or  cloth  is  held  vertically  by  a  suitable  frame,  and  evapo- 
ration proceeds  from  both  sides.  Water  is  supplied  by  means  of  a 
tongue  of  the  absorbent  material  reaching  from  the  lower  edge 
of  the  rectangle  into  a  covered  reservoir  of  distilled  w:ater  below. 

The     P&per  Cylinder  {Fig.  3) 

The  atmometer  with  paper  cylinder*  is  a  modification  of  the 
Piche-Cantoni  form,  with  the  paper  disk  replaced  bj'  a  hollow 
cylinder  of  absorbent  paper,  closed  at  the  upper  end,  where  it  is 
applied  against  the  supply  tube.  Distilled  water  is  employed. 
It  has  all  the  advantages  of  the  Piche-rantoni  instrument  and  the 
additional  one  of  exposing  a  cylindrical  evaporating  surface.  Its 
main  weakness  as  a  cylindrical  form  lies  in  the  fact  that  air  leak- 
age sometimes  occurs  at  the  junction  b(  supply  tube  and  paper 
cylinder,  but  a  better  form  of  mounting  .should  obviate  this  dif- 
ficulty. It  is  notable  that  the  Livingston  paper  cylinders  evap- 
orate little  or  not  at  all  from  the  interior  surface,  while  the  three 
paper  forms  above  mentioned  allow  water  loss  from  both  sur- 
faces. 

'  Cantoni,  G.,  SuUe  condizioni  di  form.a  c  di  csposizione  piu  opportune  per 
gli  evaporimetri.  Rend.  R.  1st.  Lomb.  II.  12:941-946,  1879.  See  also  the 
writer's  article  on  paper  atmometers  cited  above. 

*  Pickering,  S.  U.,  and  Bedford,  Duke  of,  A  new  form  of  evaporimeter.  Wo- 
burn  Exp.  Fruit  Farm  Report  1897:  168-174,  1897. 

'  Livingston,  B.  E.,  Paper  atmometers  for  studies  in  evaporation  and  plant 
transpiration.     Plant  World  14:  281-289.  1911. 
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The  Bellani  Pormis  Plate  (Fig.  4) 

This  kind  of  evaporating  surface/"  whicli  appears  never  to 
have  been  taken  seriously  during  nearly  a  century  that  has 
elapsed  since  Bellani  described  it,  seems  to  possess  a  number 
of  advantages  over  the  free  water  surface.  A  horizontal  porous 
clay  disk  closes  the  top  of  a  vessel  completely  filled  with  dis- 
tilled watel^  so  that  the  lower  surface  of  the  disk  is  in  con- 
tact with  the  liquid  while  the  upper  surface  is  exposed  to  the  air. 
A  small-bored,  horizontal,  graduated  glass  tube,  open  at  its 
distal  end,  projects  laterally  from  the  vessel,  and  as  evaporation 
takes  place  the  air-water  meniscus  in  this  tube  progresses  toward 
the  vessel,  the. tube  being  thus  more  or  less  slowly  emptied  of 
water.  A  suitable  reservoir  and  controlling  cock  allows  the 
meniscus  to  be  pushed  back  over  the  scale,  by  admitting  more 
water  into  the  vessel.  This  is  the  earliest  form  of  atmometer 
with  an  imbibed  solid  evaporating  surface  and  the  water  reser- 
voir at  a  lower  level.  The  po.ssibility  of  .such  an  arrangement 
results  from  the  fact  that  it  requires  considerable  gas  pressure  to 
force  a  passage  of  gas  through  such  a  plate  of  porous  pottery 
when  saturated  with  water.  Thus,  atmospheric  pressure  is 
without  influence  upon  the  water  mass  in  the  vessel,  excepting 
upon  the  index  meniscus.  As  water  evaporates  from  the  porous 
surface  more  is  imbibed  from  below  and  air  pressure  drives  the 
meniscus  inward  along  the  scale,  keeping  the  vessel  filled  and  the 
plate  continuously  in  contact  with  the  water.  It  is  to  be  noted 
that  the  Piche-C'antoni  paper  disk  and  the  Livingston  paper 
cylinder  employ  this  same  principle,  only  in  those  cases  evapora- 
tion takes  place  from  the  marginal  part  of  the  paper  project- 
ing beyond  the  end  of  the  supjily  tube.  The  Piche-Cantoni 
form  is  not  unlike  what  we  should  liave  if  we  suppose  BcUani's 
porous  plate  to  extend  laterally  much  beyond  the  vessel  which  it 
closes,  at  the  same  time  supposing  the  diameter  of  this  vessel  to 
be  decreased  until  it  becomes  a  mere  sup[)ly  tube  from  the  lower 

">  Hclhmi,  A..  Deacrizione  di  un  ruiovo  atmidonietro  pc-r  serviro  di  contin- 
uazione  c  fine  allc  reflessioni  critiche  intorno  all'  evaporazionc.  Gior.  Fis.  Chim. 
3":  166-177,  1820.     Also  reprinted;  Pavia,  1820. 
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Fig.  4.  Diagram  showing  the  essentials  of  the  Bellani  plate  atmometer. 
R,  burette  reservoir  for  water;  D,  porous  clay  plate;  S,  metal  support  for  D, 
connected  to  burette  by  supply  tube  (E). 

Fig.  5.     Diagram  showing  essentials  of  absorbing  mounting  of  the  porous 
'  cup  atmometer.     R,  l)ottle  reservoir  for  water;  D,  porous  clay  cup,  with  thick- 
ened rim   (.S),  mounted  by  rubber  stopper   {St)   on  supply  tube   {E).     C,   cork 
stopper,  with  air  opening  at  one  side. 
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reservoir.  It  should  be  emphasized,  however,  that,  whereas  the 
paper  forms  above  mentioned  depend  almost  wholly  upon  lat- 
eral or  longitudinal  movement  of  water  through  the  absorbent 
material,  the  Bellani  plate  transmits  water  perpendicularly  to 
its  surfaces,  from  one  side  to  the  other. 

The  Bellani  surface  is  exposed  like  free  water,  horizontally, 
or  may  have  any  other  position.  It  needs  no  projecting  rim 
and  of  course  waves  and  splashing  cannot  occur.  At  the  same 
time,  the  relation  of  the  exposed  surface  to  the  water  mass  l?e- 
low  is  not  ^■ery  different  (especially  as  regards  heat  conditions) 
from  the  similar  relation  for  an  open  pan.  Furthermore,  as 
has  been  seen,  this  arrangement  allows  very  small  readings  to  be 
made,  by  volume  units,  as  for  short  periods  of  time  or  periods  of 
low  evaporation  intensity. 

This  Bellani  form  of  surface  is  worthy  of  the  attention  of  those 
desiring  a  horizontal,  plane  evaporating  surface,  not  altered  by 
wind.  It  may  be  rendered  non-absorbing,  and  thus  freed  from 
rain  influence,  by  the  use  of  the  non-absorbing  mounting  to  be 
described  below.  As  here  illustrated,  it  is  conveniently  mounted 
to  take  water  from  a  burette  reservoir.  To  the  kind  of  altera- 
tions which  may  occur  in  saturated  solid  surfaces  in  general, 
and  to  ways  of  combatting  such  alterations,  we  shall  turn  pres- 
ently. 

The  Porous  Clay  Cap  Aimovieter  (Figs.  5-8). 

This  instrument,"  which  has  formed  the  basis  for  the  ex- 
tremely rapid  development  of  atmomctry  among  biologists, 
during  the  past  eight  or  nine  years,  was  independently  devised 
three  times  before  its  possibilities  became  generally  aiij^reciatetl. 
Babinet's  original  short  account,  and  Marie-Davy's'-  api)recia- 
tive  discussion,  the  latter  appearing  twenty  years  later  than 
Babinet's,  apparently  attracted  no  serious  attention.  Forty- 
six  years  after  Babinet's  publication  ^Mitscherlich''^  independently 

"  Habinet,  J.,  Xote  sur  un  atmidscope.  Compt.  Rend.  Paris  27 :  529-530,  1848. 

'2  Mario-Davy,  H.,  Atmidomotrc  k  vase  poreux  de  Babinet.  Nouv.  M{'t.  2: 
253-2.'54,  ISfin. 

"  Mitschcrlicli,  A.,  Imii  Verdunstungsmesscr.  I^aiidw.  Verauchsst.  60: 63-72, 
1904. 
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devised  the  instrument  for  agricultural  experimentation,  but 
even  his  publication  seems  not  to  have  aroused  biological  workers. 
The  present  writer'^  again,  also  independently,  devised  the  same 
instrument  in  the  summer  of  1904.  Since  that  time,  as  has  been 
remarked,  the  literature  of  atmometr>-  has  developed  verj'  rap- 
idly in  biological  connections. 


r% 


I'ig.  0.  Diagram  showing  essentials  of  potometer  mounting  of  the  porous 
cup  .itmometer.  R,  reservoir,  from  which  water  is  dr.awn  through  tube  (E); 
I,  air-bubble  index  in  E;  Sr.  graduated  scale.  T,  tube  from  higher  supply,  from 
which  water  is  admitted  to  drive  index  bubble  back,  controlled  by  cock.  Porous 
cup  (D)  is  mounted  as  in  figure  5. 

The  porous  cup  surface  may  be  derived,  for  the  sake  of  a  clear 
picture  of  relationships,  from  Bellani's  porcelain  plate.  If  we 
conceive  this  plate  to  be  bent  downward  at  its  edges  and  extended 
until  it  fonns  a  hollow  porous  clay  cylinder,  closed  above  and 
connected  by  a  non-porous  tube  to  a  reservoir  of  distilled  water 
at  a  lower  level,  we  have  the  essentials  of  the  porous  cup.  The 
cavity  of  the  cup  is  filled  with  water,  which  is  thus  in  direct  con- 


"  Livingston,  loc.  cit.,  lOCKi. 
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Fig.  7  Fig.  S 

Fig.  7.  Diagram  showing  essentials  of  original  form  of  non-absorbing  mount- 
ing of  the  porous  cup  atmometer.  G,  reservoir;  E,  siii)i)ly  tube;  ('.  I),  niorcury 
valves.     Further  description  in  text.     (Reprinted  from  Plant  World  13:  79,  1910.  i 

Fig.  8.  Improved  fonn  of  non-absoring  porous  cui)  atmometer  devised  by 
Shive. 
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tact  vvitli  tlio  iiiiior  surfucc  of  tlip  cup  \v;ill.  Tlic  lower  end  of  the 
cup  is  closed  witli  ;i  ruhlx-r  sto{)i)cr  hcjiriiiK  glass  or  other  suitable 
tubing  connection  to  tiie  reservoir.  This  tube  is  also  full  of  water. 
The  reservoir  may  be  any  suitable  container;  it  is  frequently  a 
small  mouth  glass  bottle  with  cork  stopper  and  with  a  file  mark  on 
the  neck  to  serve  as  zero  point.  In  operation,  this  reservoir  is  filled 
to  the  file  mark,  the  iusti'utnent  is  allowed  to  operate  fur  a  time 
l)eriod,  and  the  reservoir  is  again  filled,  account  being  taken  of 
the  amount  of  water  required,  which  is  yjf  course  the  amount  lost 
by  evaporation  during  the  period.  Where  small  readings  are  to 
be  taken,  the  tube  is  often  connected  to  the  lower  end  of  a  bu- 
rette which  is  filled  from  time  to  time,  the  decrease  in  the  volume 
of  water  in  the  burette  reservoir  being  read  directly  on  the 
.scale.  In  all  cases  the  level  of  tlie  water  in  tiie  reser\dir  must 
be  lower  than  the  base  of  the  porous  surfa(;e. 

It  is  obvious  that  the  porous  clay  e\'aporating  surface  may 
have  any  desired  form  or  size  and  that  there  is  no  danger  of  the 
drying  of  a  part  of  the  surface  through  excessive  evaporation  in- 
tensity, as  is  the  case  with  the  saturated  paper  surfaces  mentioned 
above.  It  is  also  clear  that,  unlike  the  paper  surfaces,  the  porous 
clay  surface  is  in  close  proximity  to  a  considerable  mass  of  water, 
but  the  magnitude  of  this  mass,  in  relation  to  the  form  and 
extent  of  the  surface,  may  be  modified  to  suit  the  requirements 
of  the  study  in  hand.  With  the  porous  cup  form  of  instru- 
ment the  evaporating  surface  may  readily  be  placed  at  a  con- 
siderable distance  from  the  water  reservoir. 

The  details  of  the  operation  of  porous  cups  will  receive  atten- 
tion farther  on,  after  some  important  points  regarding  porous 
surfaces  in  general  have  been  considered. 

THE   POROUS  EVAPORATING   SURFACE   IN    GENERAL 

Nature  of  the  Porous  Surface 

Besides  paper  and  j^orous  porcelain  several  other  solid  ma- 
terials have  been  employed  for  evaporating  surfaces.  Woven 
fal>ric  has  sometimes  been  used.  Perhaps  thp  most  frequent 
mention  of  porous  surfaces  in  atmometrj-,  howe\'er,  refers  to  one 
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of  moist  soil.  Pans  filled  with  moist  soil,  firmed  to  a  smooth 
surface,  have  long  been  used  l)y  students  of  agricultural  water 
relations.  Regarding  these,  however,  we  need  here  make  but  the 
following  observations.  Some  difficulty  is  usually  experienced  in 
preventing  the  soil  surface  becoming  drier  as  evaporation  pro- 
ceeds, thus  producing  a  profound  change  in  the  internal  properties 
of  the  instrument.  This  trouble  and  some  others  are  avoided 
by  the  employment  of  the  Bellani  arrangement  of  a  horizontal, 
porous  porcelain  plate  in  contact  with  water  below;  porous  por- 
celain is  in  many  respects  merelj'  a  layer  of  soil,  so  bound  to- 
gether that  it  will  retain  its  shape.  Thus,  the  general  features 
of  evaporation  from  such  a  plate  should  be  in  rather  close 
agreement  with  those  of  water  loss  from  a  smoothly  firmed  soil 
surface. 

Porous  surfaces,  whether  of  paper,  porcelain  or  any  other 
fixed  material,  all  agree  in  presenting  to  the  action  of  the  air  a 
water  surface  mechanically  held  in  position  (by  surface  ten- 
sion, adhesion  and  the  mechanical  rigidity  of  the  material  em- 
ployed) and  hence,  as  has  been  mentioned,  they  are  not  thrown 
into  waves  by  the  wind,  so  that  the  danger  of  splashing  which 
is  always  inmninent  with  open  vessels  is  completely  obviated.  In- 
struments employing  such  surfaces  can  be  read  in  terms  of  either 
volume  or  weight  and  they  can  be  readily  arranged  so  as  to  give 
small  readings  and  to  expose  the  evaporating  member  at  some 
distance  from  the  reservoir.  These  are  the  main  advantages  of 
such  forms  of  atmometers  over  those  with  a  free  water  surface. 

Two  CUinaes  of  Porous  Surfaces 

As  has  been  seen  we  may  consider  two  different  arrangements 
of  porous  surface  instruments.  In  one  arrangement  the  satu- 
rated solid  is  in  contact  with  unimbibed  water  for  only  a  small 
portion  of  its  extent;  such  forms  are  the  Piche-Cantoni  pajiei- 
disk,  the  stretched  paper  or  cloth  of  Pickering  and  the  paper 
cylinder  of  the  present  writer.  In  the  other  arrangement  the 
porous  solid  is  backed  by  a  mass  of  vmimbibed  water;  of  this 
form  are  the  Bellani  jMircelaiii  i)late  and  the  Haliiiict  cup. 
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It  is  clearly  possible,  to  decrease  the  iiniouiit  of  imiiiibibed 
water  thus  in  ficiieral  oontaet  with  the  porous  plate,  per  unit  of 
surface,  and  thus  to  bring  the  two  groups  into  closer  similarity. 
The  amovuil  of  this  unimbibed  water  backing  the  solid,  support- 
ing material  is  a  matter  of  considerable  importance;  for  the  tem- 
peratui-c  of  the  active  surface,-  an  important  feature  in  deter- 
mining rate  of  water  loss,  must  follow  temperature  changes  in  the 
surroundings  less  promptly  {i.e.,  with  greater  lag)  the  greater 
is  the  mass  of  water  present  l)ehind  the  evaporating  films.  It 
was  for  this  very  consideration  that  the  paper  cylinder  and  its 
mounting  were  devi-sed;  it  appeared  clear  that  the  porous  clay 
cup,  with  its  relatively  thick,  imbibed  walls  and  its  propor- 
tionally large  amount  of  free  water,  should  be  less  sensitive  to 
external  changes  than  such  a  water-holding  device  as  the  paper 
cylinder.  For  example,  the  temperature  lag  of  the  paper  surface 
should  he  indu(v'd  only  by  the  small  water  mass  actually  held 
in  the  paper  by  imbibition  or  capillarity.  In  this  respect  such  a 
surface  should  more  nearly  approach  the  form  of  exposure  offered 
by  ordinary  thin  leaves  of  plants.  The  porous  clay  cup  should 
act  in  this  regard  more  as  do  very  succulent  leaves,  joints  of 
cactus,  etc.,  smce  here  is  a  relatively  large  amount  of  water  with 
relatively  small  surface. 

'I'his  matter  was  made  the  subject  of  a  special  study,  in  which 
|)apcr  cylinders  and  porous  cups  were  operated  side  by  side,  and 
simultaneously  .subjected  to  sudden  and  rather  great  changes  in 
their  surroundings,  these  changes  being  accomplished  by  moving 
the  api)aratus  from  one  position  to  another,  from  sunshine  to 
shade,  from  the  open  to  a  closed  room,  etc.  From  the.se  tests  it 
appeared  that  the  lag  exhibited  by  the  cup  is  exceedingly  slight, 
so  slight  as  to  be  quite  negligible  unless  readings  are  taken  every 
minute  or  oftener.  On  this  account  it  has  not  yet  seemed  neces- 
sary to  develop  the  paper  cylinder  farther  than  has  been  done. 
Sooner  or  later  this  form  of  evaporating  surface  may  assume 
importance,  as  problems  become  more  refined. 
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Alteration  of  Porous  Evaporating  Surfaces  by  Operation 

All  evaporating  surfaces  are  apt  to  alter  more  or  less  witli  the 
pi'ogress  of  evaooration  and  with  changes  in  the  surroundings. 
As  has  been  said,  the  secondary  wind  effect  is  completely  removed 
in  the  case  of  non-flexible  porous  clay  surfaces,  while  the  removal 
of  water  by  animals  is  practically  serious  only  with  free  water. 
The  accumulation  of  dust,  etc.,  upon  the  saturated  solid  is  per- 
haps more  serious  in  its  effects  than  the  same  sort  of  accumu- 
lation upon  open  water.  Dust  settling  upon  a  pan  of  water 
decreases  the  rate  of  water  loss,  but  usually  (in  its  primary  effect, 
at  any  rate)  increases  that  rate  from  a  paper  or  porous  clay 
atmometer.  Practically  to  remove  this  trouble,  however,  in  case 
of  porous  porcelain,  requires  only  that  the  surface  be  thoroughly 
cleaned  occasionally.  The  papers,  not  being  readily  cleaned, 
should  be  replaced  bj-  new  ones  from  tune  to  time. 

Besides  the  primary  effect  of  the  accumulation  of  dust  upon 
saturated  solid  surfaces,  a  secondary  and  more  serious  one  lies 
in  the  incrustation  of  the  latter  by  soluble  salts,  which  may  be 
derived  from  dust.  Such  soluble  salts,  cr\'stallizing  out  at  pojnts 
of  most  intense  evaporation,  sometimes  decrease  the  rate  of  water 
loss  and  at  other  times  appear  to  increase  it.  With  paper,  this 
trouble  can  be  removed  only  by  frequent  replacement;  with  poi- 
celain,  cleansing  of  the  exposed  surface  at  short  intervals  usually- 
obviates  the  difficulty.  Passing  pure  water  through  the  porous 
porcelain,  in  the  direction  of  the  usual  movement  of  water, 
largely  removes  soluble  material,  bej'ond  the  limit  of  its  adsorp- 
tion. 

It  is  a})solutely  essential,  with  all  imbibed  sohds  that  only 
very  good  distilled  water  be  employed,  to  avoid  accumulation  of 
salts  as  the  water  is  evaporated.  Impure  water,  espcciallj-  with 
calcium  salts,  clogs  the  pores  and  eventually  almost  glazes  the 
surface.  This  accumulation  seems  imi)ossil)le  of  correction  by 
frequent  surface  cleansing,  as  has  been  .shown  l)y  actual  tests. 
It  can  be  removed,  if  not  too  pronounced,  by  forcing  water  or 
acid  through  the  porcelain. 
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Whether  a  solid  surface  has  altered  with  use  is  to  be  determined 

by  stiuuhirdization  at  frequent  intervals,  an  operation,  with 
which  wo  shall  have  to  deal  in  the  detailed  discussion  of  the 
porous  cuj),  to  1)0  presented  below. 

Evaporation  at  Low  Temperatures 

It  is  occasionally  remarked  that  the  porous  cup  atmometcr  is 
inadequate  for  many  purposes  because  it  cannot  be  operated  when 
the  air  temperatui-e  falls  below  the  freezing-point  of  water. 
Short  periods  of  such  low  temperatures,  a  few  hours  in  length, 
produce  an  ice  or  frost  coating  over  the  cup ;  longer  periods  destroy 
the  instrument  with  the  bursting  of  the  cup  through  freezing  of 
the  contained  water.  For  measurements  of  evaporation  under 
such  conditions  of  cold  the  only  instrument  so  far  employed  at 
all  is  the  open  pan  of  water,  which  thus  exposes  a  free  surface 
of  solid  water,  or  ice.  ^Measurements  are  usually  made  by 
weighing. 

In  connection  with  this  matter  it  is  to  be  observed  that  the 
freezing  of  a  free  water  surface  is  another  modification  of  the 
instrument,  somewhat  similar  to  dust  accumulation,  wave  for- 
mation, etc.  Evaporation  does  not  progress  at  the  same  rate 
from  an  ice  surface  as  from  an  equal  surface  of  liquid  water, 
at  the  same  temperature,'=  so  that  when  freezing  occurs  it  is  as 
though  the  instrument  itself  were  profoundly  altered.  Thus 
there  is  no  logical  direct  comparison  to  be  instituted  between 
readings  made  with  the  liquid  sinface  and  those  made  with  ice. 
Difficult  as  the  problem  thus  raised  undoubtedly  is,  the  im- 
portance of  winter  evaporation  is  so  great  that  some  rational 
method  for  its  measurement  should  be  devised,  ^^'e  cannot 
go  further  at  the  present  time  than  to  state  that  there  is  no 
method  yet  described,  suitable  for  measuring  evaporation  during 

'sjuhlin,  .J.,  Bestiiinning  af  Vattcn&ngans  Maximi-spanstighet  ofver  is  mel- 
lan  0°  och  -  50°C.  samt  ofvcr  flytande  Vatten  mellan  +  20°  och  -  13°C.  Bihang 
K.  Svensk.  Vet.-Akad.  Handlingar  17':  1-72,  1891. 

Marvin,  F.,  Report  of  \apor  i)ressure  measurements  and  normal  barometer 
construction.  Part  I.  Maximum  pressures  of  aqueous  vapor  at  low  tempera- 
tures.    .Vnn.  Rept.  Cliiof  Signal  Office,  Washington,  1891:351-383,  1892. 
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periods  of  frost;  porous  cups  burst  and  leave  blanks  in  the  recoi-d, 
open  pans  freeze  and  introduce  misleading  readings  into  the 
record,  readings  which  are  not  directly  comparable  with  those 
from  the  same  instrument  witli  liquid  water. 

THE  POROUS  CUP  ATMOMETER 
The  Porous  Cups 

The  atmometer  cups  now  generally  used  in  ecologj',  agricul- 
ture and  forestry  are  practically  of  the  same  form  and  size  as 
those  described  by  the  writer  in  1906.  The  only  improvement  has 
been  to  make  the  closed  end  more  nearly  hemispherical,  less 
pointed,  than  was  the  case  at  first.  This  change  was  made  in 
1913.  These  cups  are  cylindrical,  about  13  cm.  long  and  2.5  cm. 
in  diameter,  closed  at  one  end  and  strengthened  at  the  other  by 
a  thickened  rim.  The  wall  is  from  3  to  4  nun.  thick,  with  the 
exception  of  the  rim,  which  is  about  twice  as  thick.  They  are 
white,  with  a  smooth,  porous  and  absorbent  exterior  surface. 
The  cup  is  closed,  in  use,  by  a  rubber  stopper  which  bears  the 
tubing  connection  to  the  reservoir. 

Since  it  is  absolutely  essential  that  the  evaporating  surface 
change  as  little  as  possible,  it  is  unsafe,  in  handling,  to  allow 
contact  of  the  hands  with  the  porous  surface.  To  avoid  the 
necessity  of  this,  the  basal  portion  (at  the  o'pen  end)  of  each  cup 
is  made  water  proof;  details  of  manufacture  have  so  far  made 
use  of  a  glaze  for  this  purpose  impossible  and  ordinary  orange 
shellac  in  alcohol  has  been  mostly  employed  as  coating.  ]\Ielted 
sulphur,  into  which  the  previously  heated  cup  is  dipped,  gives  a 
more  serviceable  coating,  in  some  respects,  but  its  application  is 
sonuiwhat  troul)lesome.  Before  the  coating  is  put  on  each  cup  is 
numbered  on  its  rim,  so  as  to  be  easily  identified  in  use.  The 
dii)ping  in  shellac  is  repeated  till  a  satisfactory  covering  is 
obtained. 

The  original  standard  cup  of  1907  was  free  of  coating  for  a 
length  of  6  cm.  from  the  closed  end.  Some  cui)s  were  still  more 
highly  coated,  but  it  was  found  more  advantageous  to  have  a 
large  evaporating  surface  (i)oth  iiecause  of  reduced  error  in  read- 
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iiiR  iind  hocauso  th(^  largor  surfaces  romain  without  serious  al- 
teration for  a  much  longer  tiniej,  and  most  of  tlie  cups  used  and 
distributed  for  the  last  five  years  have  had  uncoated  portions 
S  cm.  long.  Thus  the  evaporating  cylinder  has  the  last-named 
length,  an  outside  diameter  of  about  2.5  cm.  and  a  hemispherical 
closed  end,  the  whole  being  continuous  below  with  the  non- 
porous  remainder  of  the  cup. 

Other  sizes  and  shapes  of  cup  have  been  described  from  time 
to  time  and  some  of  these  have  been  furnished  to  the  market. 
Yapp's'^  and  Transeau's"  cups  differ  from  the  usual  one  in  minor 
points,  but  neither  of  these  has  come  into  very  general  use.  The 
present  writer  has  been  able  to  procure,  e.specially,  two  other 
cups,  which  have  been  placed  upon  the  market.  One  of  these, 
the  insoluble  cu]),  is  of  about  the  same  form  as  the  regular  one, 
somewhat  smaller,  and  made  of  a  much  more  resistant  material. 
In  future  this  will  have  the  same  size  and  form  as  the  regular  cup. 
It  has  a  glazed  base,  making  shellac  unnecessary.  The  other 
cup  mentioned  is  termed  "thin-walled."  It  is  a  straight  cyl- 
inder 14  cm.  long,  l.S  cm.  in  diameter,  closed  above  by  a  some- 
what flattened  top  and  glazed  at  the  base  to  a  height  of  2.5  cm. 
This  was  obtained  largely  for  its  very  thin  wall,  about  a  milli- 
nieler  in  thickness,  which  suits  it  to  certain  comparative  studies 
which  need  not  be  discussed  here.  Both  of  these  special  cups  are 
now  obtainable  in  pure  white,  though  earlier  lots  of  the  insoluble 
form  were  .slightly  yellowish  in  color.  The  two  smaller  forms 
were  designed  for  special  uses. 

The  Standardized  Cup 

The  main  feature  which  has  given  the  porous  cup  atmometer ' 
its  present  importance  as  an  instrument  of  research  is  that  it  can 
be  standardized  and  that  standardization  may  be  repeated  as 
often  as  is  desired.     The  cups  are  standardized  by  operating 
them  with  i)ure  water,  along  with  a  cup  of  previous  standardiza- 

"  Yap)).  H.  H.,  On  stratification  in  tlic  vegotation  of  a  niarsli  and  its  relation 
to  evaporation  and  temperature.     .A.nn.  Hot.  23:  27.V310,  1000. 

"  Transcaii,  E.  .\.,  A  .simple  vaporimeter.     Hot.  Gaz.  49:  450-400,  1910. 


ATMOMETRY  AND  THE  ATMOMETER  69 

tion,  upon  a  rotating  table,"  either  indoors  or  in  the  open — in 
the  latter  case,  without  rain.  Where  radio-atmometers  (which 
receive  attention  below)  are  employed,  sunshine  must  be  ex- 
cluded, as  well  as  any  other  form  of  strong  radiant  energy.  To 
accelerate  evaporation,  and  thus  give  larger  readings  for  shorter 
time  periods,  an  electric  fan  is  frequently  so  placed  as  to  pass  a 
strong  current  of  air  across  the  rotating  table.  The  results  are 
the  same,  aside  from  the  time  required,  whether  the  fan  is  em- 
ployed or  not. 

The  rotating  table  now  in  use  in  the  Laboratory  of  Plant 
Physiology  of  the  Johns  Hopkins  University  is  somewhat  over 
2  m.  in  diameter  and  rotates  two  or  three  times  per  minute. 
At  the  Desert  Laboratory  Mr.  J.  W.  Shive  constructed,  in  the 
summer  of  1913,  a  rather  similar  but  smaller  table,  about  130 
cm.  in  diameter,  built  upon  a  single  bicycle  wheel  in  a  manner 
somewhat  similar  to  that  adopted  by  Nichols.'"  It  makes  no 
difference,  as  far  as  these  matters  have  been  studied,  what  size 
of  table  is  employed  or  at  what  speed  it  rotates. 

Of  course  the  purpose  of  the  rotation  is  to  give  the  various 
cups  equal  treatment;  since  it  is  practically  impossible  to  main- 
tain exactly  similar  or  even  constant  air  conditions  throughout 
a  group  of  stationary  cups,  this  is  not  attempted,  but  each  in- 
dividual cup  is  made  to  march  through  the  same  series  of  condi- 
tions as  does  every  other  cuj)  of  the  group.  The  principle  of  this 
procedure  is  related  to  that  upon  which  is  based  the  long  familiar 
use  of  clinostats,  to  equalize  one-sided  influences,  as  these  affect 
growing  plants. 

The  cups  may  be  mounted,  foi-  operation  upon  the  rotating 
table,  in  any  convenient  manner,  usually  on  small-mouth  bottles 
or  upon  burettes  (see  the  following  ^^ection  on  installation),  but 
it  is  to  be  borne  in  mind  that  every  cup  should  receive  the  same 
influence  due  to  the  trailing  vapor  blanket  emanating  from  the 
next  preceding  one  in  the  series.  This  means  that  all  cups 
should  be  at  the  .same  elevation  from  the  table  and  that  they 
should  be  equally  spaced  in  the  same  circle. 

"  Livingston,  loc.  cit.,  1912. 

"  Xiehols,  G.  N.,  A  simple  revolving  table  for  stimilardii'.ing  porous  cup  at- 
mometers.     Hot.  C.-.v/..  56:  148-1.52,  H)i:5. 
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A  group  of  cups,  willi  one  of  previous  standardization,  are 
first  operated  witliout  readinj^  for  a  i)eriod  of  from  12  to  24 
hours,  to  allow  the  water  films  in  the  walls  to  come  into  equilib- 
rium, after  which  they  are  operated  on  the  rotating  table  until 
the  water  loss  from  each  is  sufficiently  great  (say  from  20  to  50 
cc.)  to  make  errors  of  reading  negligible.  The  corrected  read- 
ing of  the  cup  of  previous  standai'dization  is  divided  \)y  that 
of  each  cup  to  be  standardized,  thus  giving  what  is  termed  the 
coefficient  of  correction  in  each  case.  The  coefficients  are  at 
once  seen  to  be  numbers  l)y  which  the  readings  of  the  respective 
cups  are  to  be  multiplied,  in  order  to  give  the  loss  which  would 
have  been  shown  from  a  cup  with  coefficient  of  unity,  operated 
under  the  same  conditions  and  for  the  same  time.  By  "corrected 
reading"  of  tlie  previously  standardized  cup  is  here  meant  the 
product  obtained  by  multiplying  the  actual  reading  by  the  co- 
efficient derived  at  the  earlier  test. 

The  group  is  operated  for  a  second  period  and  the  calculations 
are  repeated,  giving  a  second  coefficient  in  each  case.  WTiere 
the  two  coefficients  thus  obtained  agree,  or  show  differences  not 
greater  than  0.03,  the  cups  are  regarded  as  satisfactorily  stand- 
ardized. They  are  then  removetl  from  the  table,  th-ied  and 
wrapped  in  paper,  the  cup  number  and  t  he  mean  coefficient  from 
the  two  tests  being  written  upon  the  wrajjper.  r"ui)s  which  show 
larger  fluctuations  in  the  value  of  the  coefficient  are  left  on  the 
table  and  operated,  with  the  same  or  other  standard  cups,  till 
a  coefficient  is  fixed  ui)on,  or  until  they  prove  themselves  impos- 
sible of  satisfactory  standardization,  in  which  case  they  are  dis- 
carded. 

The  basis  of  standardization  is  still  the  old  (i  cm.  form  of  cup, 
but  only  for  historical  reasons.  The  first  standardizations,  car- 
ried out  at  the  Missouri  Botanical  Garden  and  at  the  Desert 
Laboratory,  in  1907,  amounted  simjily  to  comparing  the  readings, 
under  similar  conditions,  from  a  large  number  of  (j-cm.  cups.  It 
was  found  that  about  half  of  these  agreed  very  closely  among 
themselves  and  that  their  water  loss  for  any  test  was  about  the 
average  loss  from  the  entire  group,  some  seventy-five  cups  alto- 
gether.    The  largest  number  of  cups  with   agreeing  rates  were 
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designated  standards,  and  their  coefficients  were  arbitrarily 
placed  at  unity.  Thus  those  which  lost  more  water  had  coeffi- 
cients below  1.00  and  those  losing  less  had  coefficients  above 
1.00.  It  was  to  individuals  with  coefficient  of  unity,  as  thus 
established,  that  the  earUer  8-cin.  cups  were  standardized,  under 
the  conditions  of  early  summer  in  Tucson,  Arizona,  and  the 
majority  of  this  larger  type  gave  coefficients  of  about  0.73.  It 
is  doubtful  whether  this  coefficient  would  stand,  as  showing  the 
relation  of  the  6-cm.  to  the  8-cm.  cup,  under  all  clunatic  condi- 
tions— since  the  two  instruments  are  not  strictly  of  the  same  form, 
but  only  similar  in  certain  respects.  However,  the  6-cm.  cups  are 
no  longer  in  general  use  and  the  application  of  the  coefficients 
of  the  8-cm.  standards  now  used  simply  reduces  their  readings 
to  terms  of  an  hypothetical  cup,  whose  loss,  under  the  same 
surroundings,  is  taken  as  Vt  of  that  from  the  average  8-cm. 
cup.  For  practical  purposes,  as  far  as  experience  has  gone,  it 
seems  quite  safe  actually  to  standardize  8-cm.  to  6-cm.  cups, 
and  vice  versa,  though  the  procedure  is  obviously  objectionable 
on  theoretical  grounds  and  has  not  been  latterly  practiced  by  the 
writer. 

The  abo\-e  explanation  shows  why  it  is,  as  some  users  of  tliese 
cups  may  have  noticed,  that  6-cm.  cups  (about  half  shellacked) 
have  coefficients  approaching  1 .00  when  new,  while  the  co- 
efficients of  8-cm.  cups,  as  now  marketed,  are  in  the  neighbor- 
hood of  0.73.  Actually,  these  latter  values  usually  lie  between 
0.67  and  0.79. 

In  general  it  may  be  said  that  if  the  reading  of  any  8-cm. 
cup  be  multiplied  by  its  coefficient  the  result  is  the  same 
as  though  a  largo  group  of  sinular  8-cm.  cups  were  operated 
under  the  same  conditions  as  those  obtaining  around  the  one  in 
question  and  the  mean  loss  of  the  group  were  multiplied  by 
0.73.  In  other  words,  the  average  8-cni.  cup  is  now  arbitrarily 
taken  as  having  a  coefficient  of  0.73  instead  of  1.00. 

An  important  jirecaution  in  standardization  arises  from  the 
fact  that  the  porous  clay  surface  is  apt  to  alter  with  continued 
use.  Such  alterations  become  evident  as  change  in  the  value 
of  the  coefficient,  and  may  lie  due  to  dust  accumulation,  to  salts 
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from  \v;iter  not  strictly  pure,  to  salts  from  the  porcelain  itself, 
or  to  removal  of  the  shellac  coating,  etc.  To  avoid  the  effects 
of  this  possible  alteration  of  standard  cups  it  has  long  been 
the  practice  to  use  a  given  cup  as  of  known  coefficient  only  once 
(for  not  longer  than  three  days),  or  during  the  process  of  standard- 
izing a  single  group  of  cups.  The  cup  so  used  for  the  first  group 
liccame  a  cup  to  be  standardized  and  a  member  of  the  ne.xt 
group,  the  standard  for  the  latter  being  a  new  cup,  unused  since 
its  standardization  at  some  previous  time.  Some  of  the  cups 
whose  coefficients  from  two  periods  of  operation  on  the  table 
agreed  (coefficients  are  actually  calculated  only  to  the  .second 
place  of  decimals,  for  cups  placed  upon  the  market),  were  laid 
aside  for  future  standards  and  a  large  stock  of  these  was  always 
on  hand. 

To  insure  clearness  in  regard  to  the  calculation  of  coefficients, 
the  operation  may  here  be  stated  algebraically.  If  R  is  the 
reading  of  the  cup  of  known  coefficient  (the  one  used  as  stand- 
ard) and  this  coefficient  is  C,  while  the  corresponding  reading 
of  any  other  instrument  in  the  group  is  r,  then  the  required 

coefficient  of  the  latter  instrument  (A'),  for  this  period  of  opera- 

f^  7? 
tion  upon  the  rotating  table,  is  deduced  as  follows:  K  =  ~    . 

Whenever  this  cup  is  used  its  readings  are  to  be  multiplied  by 
A',  to  make  them  comparable  with  the  similar  corrected  readings 
of  any  other  standardized  cup. 

As  has  been  already  emphasized,  it  is  theoretically  possible 
to  derive  a  coefficient  of  correction  (for  reducing  the  reading 
of  one  cup  to  what  would  have  been  the  reading  of  another 
in  the  same  time  and  place)  only  when  the  two  cups  compared 
have  very  nearly  the  same  form,  size,  etc.  As  in  other  similar 
instances  met  with  in  physical  science,  the  importance  of  this 
whole  matter  depends  upon  the  magnitutle  of  the  differences 
involved.  In  the  present  instance  it  also  depends  upon  the  sort 
of  study  to  be  carried  out.  It  is  quite  readily  jiossible  to  derive 
a  coefficient  which  will  express  the  relation  between  the  evapo- 
rating powers  of  any  two  cups  as  shown  by  their  operation  on  the 
rotating  table  for,  say,  a  single  day.     If  the  cu])s  are  not  alike, 
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however,  hourly  readings  through  the  day  may  show  that  the 
value  of  the  coefficient  fluctuates  from  hour  to  liour,  for  all  hours 
of  the  day  are  not  alike  in  the  atmospheric  conditions  which 
they  present.     The  conditions  presented  by  one  hour  may  accel- 
erate water  loss  from  one  cuj)  more  than  that  from  the  other; 
those  occurring  in  another  hour  may  accelerate  loss  from  the 
second  more  than  from  the  first,  etc.     Similarly,  the  average 
coefficient  derived  from  operation  on  another  day  may  be  dif- 
ferent from  that  first  obtained.     But  if  two  days  present  the 
same  march  of  hourly  conditions,  or  if  they  are  so  related  that 
the  average  effective  hourly  conditions  for  one  arc  in  agreement 
with  the  corresponding  average  for  the  other  (although  it  may  be 
that  no  hour  of  one  day  gives  the  same  coefficient  as  the  same  or 
any  other  hour  of  the  other  day),  then  the  coefficient  derived  on 
the  two  days  should  be  the  same.     From  this  sort  of  considerut ion 
it  emerges  that,  the  more  detailed  the  work  undertaken,  and 
the  greater  the  range  of  external  conditions  dealt  with,   the 
more  attention  should  be  given  to  having  the  cups  exactly  alike. 
For  usual  jnu-poses  of  work  in  the  field,  experience  points  to 
the  con\-iction  that  the  6-cm.  and  8-cm.  cups  are  not  sufficiently 
diverse  to  make  it  practically  impossible  to  reduce  the  read- 
ings of  the  shorter  form  to  terms  of  loss  from  the  longer,  and 
vice  versa.     It  is  clear  that  these  two  forms  are  of  the  same  shape, 
but  the  porous  portion  of  one  is  2  cm.  longer  than  that  of  the 
other.     The  effect  of  various  climatic  complexes  in  altering  the 
relation  l)etween  evaporation  rates  from  these  two  forms  of  cups 
is,  at  any  rate,  only  slight,  and  has  not  been  definitely  brought 
out  in  standardizations  carried  out  by  night  and  by  day  in  tlic 
summer  of  southern  Arizona  and  indoors  in  the  Baltimore  winter. 
It  is  therefore  safe  to  conclude  that  the  corrected  readings  of 
the  8-cm.  cups  are  at  least  practically  comparable  with  the  cor- 
rected readings  of  the  (i-cm.   cups  formerly   widely   used.     In 
spite  of  the  theoretical  difficulty  here  encountered,   it   may  be 
assumed  that  the  earlier  results,  obtained  with  (i-cni.  cups,  are 
practically   homogeneous   and    comparable   with    the  later  ones 
obtaiaed  with  the  longer  form.     Thus,  all  published  measure- 
ments of  the  evaporating  power  of  the  air,  in  so  far  as  these 
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have  been  corrected  to  the  Livingston  standard,  may  be  re- 
garded as  comparable  for  all  practical  purposes,  regardless  as  to 
whether  G-cm.  or  8-cm.  instruments  were  employed. 

Further  study  of  the  behavior  of  these  instruments,  and  of 
other  modifications  as  to  form  and  size,  will  be  necessary  before 
wo  shall  he  able  to  state  within  what  sort  of  limits  of  external 
conditions  the  relation  between  the  evaporating  powers  of  two 
different  kinds  of  cup  may  be  considered  approximately  constant. 
Where  the  greatest  accuracy  is  derived  it  is  advisable  to  employ 
cups  whose  coefficients  are  alike. 

This  matter  of  cup  size  and  shape  has  no  reference,  of  course, 
to  modifications  of  the  cups,  produced  by  dust,  handling,  impure 
water,  etc.,  which  are  apt  to  occur  with  use.  With  these  altera- 
tions we  .shall  deal  below,  in  considering  the  operation  of  the 
instrument.  This  is,  however,  the  place  to  mention  one  feature 
of  this  general  problem,  which  is  involved  in  the  standardiza- 
tion procedure.  It  has  been  stated  that  serious  changes  in  the 
stantlanl  cup  have  been  avoided  by  frequently  replacing  the 
standard  with  a  new  cup,  unused  since  its  standardization.  It  has 
also  been  stated  that  serious  alterations  in  cup  surface  may  usually 
be  prevented  by  frequent  cleansing.  The  ciuestion  then  arises, 
would  it  not  be  better  to  hold  the  same  standard  continuously 
and  to  cleanse  it  from  time  to  time  instead  of  replacing?  This 
suggestion  is  perfectly  feasible  with  the  insoluble  cup,  which 
is  permanently  glazed  at  base,  but  is  to  be  followed  with  caution 
in  the  case  of  the  regular  form.  The  latter  has  been  thought  to 
be  soft  enough  so  that  repeated  rubbing  might  alter  the  porcelain 
surface,  and  there  is  little  doubt  that  such  treatment  would 
alter  the  shellac  coating.  Eecently  the  new  form  of  insoluble 
cup,  quite  like  the  regular  cuj)  in  size  and  form,  has  been  em- 
ployed as  standard.  With  thorough  cleaning  b<etween  standard- 
ization series,  a  single  one  of  these  cujis  may  be  repeatedly  used. 

(To  be  cniilinued.) 
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San  Bernardinn,  Califorjiia 

An  historic  highway  leads  from  Fort  Yuma,  on  the  Colorado 
river,  to  Warner's  Ranch,  situated  at  an  elevation  of  3000  feet 
in  the  mountains  of  San  Diego  county,  California.  In  the 
early  days  of  the  American  occupation  it  was  the  great  thorough- 
fare from  the  regions  beyond  that  river  to  the  primitive  settle- 
ments of  southern  California.  Not  until  this  grassy  vallej'  was 
reached  did  the  weary  traveler  feel  that  the  perils  of  the  desert 
were  passed,  and  a  comparatively  easy  way  was  open  to  San  Diego 
or  Los  Angeles.  Several  of  the  botanists  connected  with  the 
early  government  surveys  passed  over  this  route,  and  places  along 
it  find  mention  in  their  reports.  Later  the  construction  of  rail- 
ways, and  the  building  of  another  and  better  road,  deprived  the 
old  one  of  its  former  importance,  and  at  present  it  is  little  trav- 
elled. Early  in  April,  1914,  the  writer  drove  over  a  part  of  it, 
and  the  following  notes,  the  last  two  excepted,  relate  to  places 
situated  ujion  it. 

SAN    FELIPK 

Five  miles  beyond  the  Hot  Springs  in  Warner  Valley,  as  one 
travels  desertwards,  the  summit  which  divides  the  desert  from 
the  seaward  mountains  is  passed  at  an  altitude  of  3780  feet 
and  San  Felipe  Valley  is  reached.  San  Felipe  is  IGOO  feet  lower 
than  Warner's,  and  both  of  them  drain  through  steep  canj-ons 
to  the  Colorado  desert  and  the  lower  part  of  Carrizo  creek. 
They  are,  therefore,  part  of  the  catchment  area  of  the  Cahuilla 
basin,  but  their  flora,  especially  that  of  the  first  named  ^•alley, 
belongs  largely  to  that  of  the  arid  San  Diego  Mountains. 

Both  valleys  contain  considerable  areas  of  coarse  grasses,  and 
numerous  licrbs  uiid  shrul)s  which  are  common  in  tlu^  drv  mon- 
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tano  fcfrioii.  In  iKldition  thfic  is  much  Ariemesia  Iridenlaia, 
which  is  not  coniinoii.  But  in  S;ui  Fchpe  desert  conditions 
prevail,  manifesting  themselves  in  the  presence  of  Larreas,  Fou- 
(juicras  and  Agaves.  The  species  of  the  last  named  genus  is  A. 
deserti  Wats,  which  extends  in  a  broad  belt  from  the  base  of  San 
Jacinto  mountain  to  the  borders  of  Lower  Cahfornia,  where  it 
connects  with  A.  Palmeri  Wats.  Trelease  has  proposed  a 
second  species,  A.  consociala,^  for  a  part  of  the  plants  of  this 
belt,  founding  it  on  specimens  collected  at  San  Felipe,  but  the 
characters  relied  upon  were  not  recognizable  in  the  Held. 

T,A    PrEUTA    \W.   SAX    FKLIPK 

At  the  lower  end  of  San  Felipe  a  narrow  gorge  affords  a  bare 
passage  for  vehicles  through  a  rocky  ridge.  Formerly  it  bore 
the  appropriate  Spanish  name  which  indicated  that  it  was 
the  portal  of  entrance  to  the  valley,  but  now  it  is  more  prosai- 
cally known  as  "Box  Canyon."  On  its  rocky  sides  grow  Juni- 
perus  californicu  and  specimens  of  Oputitia  cchinocarpa,  0.  chlorot- 
ica,  Cereus  Engelmanni,  Echinocactus  cylindraceus  and  Mamil- 
laria  pheUospermn.  Other  shrubs  were  Lycium  Cooperi,  Con- 
dalia  Parryi  and  Primus  eriogyna.  In  narrow  seams  Arabis 
perennans  and  tufts  of  Cheilanthes  Fendleri  and  Chamoesyce  poly- 
carpa  hirsuta  found  root.  Desert  conditions  are  unfavorable  to 
the  growth  of  lichens,  and  where  these  i)revail  lichens  are  seldom 
pre-sent,  so  that  it  was  interesting  to  find  a  number  of  crustaceous 
species  in  abundance  on  the  more  sheltered  rock  surfaces.* 

LA    PUERTA    VALLEY 

The  pass  opens  upon  a  small  \alley,  whose  gentle  slope  is 
abundantly  grown  over  with  .Vgave,  intermingletl  witli  Yucca 
Mohavensis,  Larrea  and  other  shrubs.  On  the  nearer  side  for- 
bidding and  arid  mountains  of  low  altitude  divide  it  from  Salton 

'  Kept.  Mo.  Bot.  Gard.  xxii,  p.  53,  1912. 

=  The  following  species  were  collected:  Acarospora  sguamulosa  (Schrad.)  Th. 
Kr.,  A.  xanlhophana  (Nyl.)  Fink,  Buellia  myriocnrpa  (Lam.  &  DC.)  Mudd, 
Dennatocarpon  hcpaiicum  (.\ch.)  Th.  Fr.,  Gyrophora  griKca  Borr.  &  Turn., 
Parmeliit  conspersa  (Ehrh.)  .\rh.  and  its  var.  isidinla  Neil. 
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Basin;  opposite  u  steeper  ascent  fiiuiks  Pine  Lake  Mountain, 
on  wliose  summit  small  conifers  can  he  discerned.  Climatic 
conditions  are  airstere  in  this  valley.  The  range  of  temperature 
is  from  15°  to  llo°F.,  and  the  rainfall,  which  is  very  uncertain, 
from  'A  to  (i  inches  per  year,  while  the  violence  of  the  winds  is 
manifested  hy  the  sand  heaped  in  the  lea  of  every  obstacle.  But 
with  all  this,  \egetation  is  more  abundant  and  varied  than  in  the 
still  more  arid  desert  beyond. 

The  Agaves  do  not  extend  to  the  center  of  the  valley,  which 
is  nearly  flat.  Here  stunted  Larreas  constitute  the  principal 
growth,  subordinate  shrubs  being  Lycium  Andersonii  var. 
Wrighiii,  Hymenoclea  salsola  and  Crotoii  caUJornicus.  They 
afford  some  shelter  to  a  number  of  annual  herbs:  Ahronia  aurita, 
DUIiyrea  californica,  Coreopsis  Biyclovii,  Lupinus  (jracilis,  Oenoth- 
era pallida,  Nama  demissum,  Bceria  gracilis,  Pedocarya  linearis, 
Salvia  carduacea,  and  others  past  recognition.  The  only  in- 
troduced plants  noted  were  Erodiuvi  cicutnrium  and  a  little 
Bromus  ruhens,  both  much  reduced  in  size,  as  were  the  native 
herbs. 

The  soil  in  whicfi  the  abo\e  plants  were  growing  is  a  washed 
sand,  much  of  it  coarse,  but  further  down  the  valley  it  is  finer 
and  loamy,  and  evidently  contains  some  alkali.  Here  the  plant 
most  in  evidence  was  a  low  form  of  Atriplex  canescens,  which  had 
been  closely  browsed  by  cattle.  There  were  also  a  few  small 
mesquites  {Prosopis  glandulosa),  some  growing  free  and  others 
buried  in  low  dunes.  All  were  alike  leafless,  a  testimony  to  the 
severity  of  the  winter  climate.  In  this  soil  herbs  were  almost 
wholly  absent. 

The  slope  toward  the  liiglier  mountain  on  the  southwest  side 
of  the  valley  is  exceedingly  rougli  with  rocks,  both  in  place  and 
in  strown  fragments,  and  is  cut  ui)  by  shallow  ravines.  The 
vegetation  exhibits  a  manifest  zonalization.  To  the  Larreas 
of  the  valley  floor  succeeds  a  nearly  unmixed  belt  of  a  shrubby 
Eriogonum,  whose  glaucous  foliage  gives  it  a  slaty-blue  aspect. 
As  it  was  not  yet  in  flower  the  species  could  not  be  determined. 
This  was  succeeded  by  a  mixed  chaparral,  in  which  Condalia 
Parryi  and  Prunus  eriogyna  were  markedly  dominant.     Next  in 
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prominence  was  Rhus  ovata,  large  and  vigorous,  and  as  subor- 
dinate shrubs  Simmondsia  cnUforuica,  Stenotus  iinenri folia,  Salvia 
(ipiiina  and  Eriogonum  fa.sciculatum.  Opuntia  hasilaris  var. 
ramosa  and  two  spinose  platopuntias  in  many  places  obstructed 
passage.  Among  the  stones  scattered  over  the  surface  grew 
Pellaea  ornithopus,  Cheilanthcs  Fendleri  and  a  small  Dudleya. 
Along  the  main  drainage  wash,  now  dry,  but  doubtless  having 
some  percolating  underflow,  were  a  few  small  cottonwoods  {Popu- 
lus  Fremonti  var.  Wislizerii)  and  sycamores  (Platanus  racemosus) , 
and  thickets  of  Baccharin  sarothroidcs. 

Only  at  this  place  has  the  writer  found  the  sycamore  on  the 
desert  side  of  the  mountains,  but  a  consideration  of  the  plants 
growing  on  this  slope  will  show  that,  with  two  exceptions,  they 
all  are  to  be  found  in  greater  or  less  abundance  on  the  cismon- 
tane  side.  This  is  in  marked  contrast  to  the  vegetation  of  the 
hill  on  the  opposite  side  of  the  \-alley,  which  belongs  to  the  exclu- 
sively desert  flora. 

The  two  exceptions  above  referred  to  are  Primus  eriogyna  and 
Condalia  Parryi.  These  two  species  are  often  companions,  and 
are  found  in  numerous  places,  at  from  500  to  2000  feet  altitude, 
along  the  flanks  of  the  range  bordering  the  desert,  from  VA'hite- 
water,  at  the  eastern  base  of  San  Gorgonio  mountain,  at  least  to 
the  Alexican  border.  The  Prunus  seldom  exceeds  0  feet  in  height, 
and  is  always  a  shrub.  As  seen  at  this  place  most  .specimens 
contained  much  dead  wood,  and  the  general  aspect  suggested 
that  their  struggle  for  existence  was  difficult,  (^ondalia,  while 
often  shrubby,  is  properly  a  tree,  reaching  a  height  of  15  feet 
usually  with  a  single  trunk.  Both  were  loaded  (April  1)  with 
fruit  more  than  half  grown. 

Time  did  not  permit  (he  ascent  of  the  mountain  slope  beyond 
I ()()()  feet  above  the  valley  floor,  but  to  have  continued  it  would 
doubtless  have  revealed  instructive  and  interesting  successions. 

VALLECITO 

The  road  wliicii  descends  into  tlic  desert  follows  the  course  of 
Carrizo  creek,  a  typical  desert  "wash,"'  whose  sand-filled  channel 
carries  water  only   as   flic  cphemenil   seiiuence  of  a   torrential 
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thunderstorm,  ^'ot  in  its  depths  percolates  water  whic-h  in  places 
may  come  to  the  surface  as  a  short  stream,  or  sufliciently  near 
to  subirrigate  a  patch  of  grasses  or  sedges.  Carrizo  creek, 
being  a  wash  which  represents  the  drainage  of  an  extensive  basin, 
has  not  only  its  present  wide  sandy  l)ed,  hut  in  former  times  has 
built  a  valley  of  considerable  widtli,  .save  where  it  has  been 
obliged  to  cut  its  way  through  obstructing  cro.ss  ridges. 

Through  such  a  gorge  La  Puerta  was  entered  from  San  Felipe, 
and  through  a  lesser  one  Vallecito  is  entered.  One  emerges 
from  this  ])ass  u])on  a  wide  and  gentle  bajada  covered  with  a 
fine  growth  of  large  and  vigorous  Fouquieras,  their  long  stems 
closely  clothed  with  foliage  from  base  to  apex,  from  which  the 
scarlet  streamers  of  blossom  were  beginning  to  float.  Tliey  were 
set  unusually  near  together,  and  only  a  scanty  growth  of  low 
shrubs  was  scattered  in  the  intervals. 

Six  miles  below  the  pass  a  slender  stream  moistens  a  little  flat 
of  salt  grass.  About  it  grow  Alrijjle.v  Icidiformis,  Pluchea  sericea, 
Suaeda  sujfrutescens  and  Isocoma  venela  var.  Beneath  a  group 
of  cottonwoods  were  the  ruins  of  the  old  stage  station,  an  adobe 
hovel,  one  side  of  which  had  been  occupied  by  men  and  the  other 
by  mules. 

P.VLM    SPUIXdS 

The  road  now  follows  the  sandy  bed  of  Carrizo  creek,  along 
and  ill  which  there  is  a  scattering  of  Parosela  spinosa,  or  the 
bordering  bench,  which  is  thickly  overgrown  with  Agaves.  The 
flower  scapes  were  just  shooting  up,  many  of  them  eaten  off  by 
hungry  cattle.  Fouquieras  continued  aliundant,  and  at  this 
place  (alt.  1200  ft.)  the  leaves  were  turning  red  and  falling, 
while  the  plants  were  in  vivid  bloom;  bwer  in  the  desert  the 
stems  were  found  quite  leafless,  but  flowering  continued.  There 
was  a  good  representation  of  the  usual  low  desert  shrubs,  mostly 
isolated  individually  by  bare  intervals.  The  number  of  species 
was  Ihnited,  the  most  prominent  hv'mg  Larrea  Atriplcr  canescens, 
Hymenoclea  salsola,  Franseria  dumosa,  Parosela  Emoryi  and  Opun- 
iia  Bigelovii,  the  last  gregarious  in  small  groups.  Abronia  aiirita 
and  Lnpinus  nriznnini-'t  were  the  only  noted  herbs. 
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The  springs  themselves  consist  of  some  seepages  of  fair  water 
which  moisten  a  small  tract,  gratefully  green  with  a  sod  of 
Disiichlis  spicata,  Juncus  balticus  and  Scirpus  americanus.  A 
ditch  has  been  cut,  through  which  the  seepage  is  conducted 
to  a  small  tank,  and  both  ditch  and  tank  were  full  of  XannichelUa 
palusiris,  in  which  Lemna  and  Chara  were  entangled.  The 
borders  were  enlivened  by  the  yellow  buttons  of  Cotula  coronopi- 
folia,  a  common  introduced  plant  of  the  cismontane  region, 
but  not  seen  elsewhere  in   the  desert.     A   group  of  mesquites 


Fig.  2.  A  characteristic  specimen  of  Atrijilcx  hnliformis,  growing  in  strong 
and  moist  alkaline  soil.    Othcr.s  in  the  background. 

afforded   a   grateful   shade.     They   were   here   in   full   leaf   and 
flower. 

There  is  another  and  better-known  "Palm  Springs"  at  the 
base  of  San  Jacinto  mountain,  which  should  not  be  confused 
with  this  one.  This  is  the  .spring  mentioned  in  the  report  of 
Emory's  Rcconnais.sance,  where,  on  November  28,  184G,  the 
weary  explorers  were  cheered  by  the  sight  of  "cabbage  trees," 
and  recorded  the  first  mention  of  the  AYashington  palm  to  be 
found  in  f)rint.  J^ong  ago  \-andals  cut  down  the  few  trees  which 
grew  here,  hut  jjcople  I'ciiicnilior  seeing  the  stumps,  for  which 
we  searched  in  vain  .•tmonti  the  dense  thickets  of  Alriplcx  which 
occupy  tVu"  ;dk;ilinc  soil  suirounding  the  spring  borders. 
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CAUIilZO    CRKEK 

Carrizo  is  the  name  used  by  the  Spanish-speaking  C'alifor- 
nians  for  PJiracjmilca  cofnniuni-s,  an  occasional  f^rass  in  wet  alkaline 
soils  in  the  Colorado  desert,  but  not  seen  ahjiit;  tlie  wash  to  which 
it  gives  a  name.  Emphatically  Carrizo  creek  indicates  that 
part  of  the  wash,  10  niilos  beyond  Palm  Springs,  where  by  the 
configuration  of  the  bedrock  the  percolating  water  is  brought 
to  the  surface,  giving  rise  to  a  large  tract  of  damp  groiuid,  from 
which  drains  a  small  stream  of  tepid  and  slightly  alkaline  water, 
soon  lost  in  the  thirsty  sands.  The  altitude  is  GOO  feet  above 
sea  level,  and  the  place  is  easily  identifiable  with  the  "Ojo 
Grande"  of  Emory's  report. 

The  damp  soil  is  tainted  with  saline  matter,  and  supports  a 
sod,  mainly  of  Distichlis  spicata,  with  a  smaller  percentage  of 
Juncus  baUicus.  Where  there  are  shallow  pools  they  are  filled 
with  Typha  latifolia  and  Scirpus  americanus,  and  about  them 
grow  clumps  of  shrubby  willows.  In  one  of  them  some  Chara 
was  present.  In  the  dryer  alkaline  soil  was  the  usual  growth  of 
Isocoma,  Suaeda  and  Atriplexes. 

In  following  the  course  of  the  wash  from  Palm  Springs  Agaves 
are  no  longer  seen  beyond  a  point  about  half  way  to  the  marsh, 
and  at  an  altitude  of  about  800  feet.  The  mesas  were  sparsely 
occupied  by  common  desert  shrubs,  such  as  Larrea,  Parosela 
Emoryi  and  P.  Scholtii,  and  the  everpresent  Atriplex  canescens. 
X  less  frequent  shrub,  Encelia  fruitcscens,  abounded,  growing 
in  a  compact  rounded  form,  1-2  feet  in  diameter,  densely  leafy, 
and  projecting  its  sohtarj^  rayless  flowers  on  short  peduncles. 

Sl'LIT  MorXTAIX 

Below  the  Carrizo  marshes  the  road  passes  over  a  rough  mesa, 
dotted  at  wide  intervals  by  stunted  Larreas  and  Atriplexes,  re- 
lieved by  no  occasional  herb.  On  either  hand  are  low  ranges 
of  mountains  of  baked  mud,  deeply  seamed  and  barren.  The 
bed  of  the  wash  occupies  theniiddle  ground,  a  wide  sandy  waste, 
where  an  occasional  Chilopsis  or  a  Mesquite  mound  aflforded 
the  only  touch  of  verdure  to  relieve  the  lifeless  scene. 
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Fig.  3.     Split-Mouiilaiii  Canyon. 
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After  travelling  some  4  miles  through  this  desolation  the  old 
road,  which  continues  along  Carrizo  creek,  was  left  in  order  to 
visit  the  canyon  of  Split  Mountain,  on  the  other  side  of  the 
range,  and  ojjcning  directly  uijoii  the  Salton  Sink.  The  way, 
for  it  cannot  be  called  a  road,  is  to  be  followed  only  by  a  careful 
watch  for  an  occasional  half-effaced  wheel  mark,  or  a  monu- 
ment made  bj'  placing  a  cobblestone  atop  a  boulder.  By  such 
uncertain  indications  one  is  guided  through  the  right  branches 
of  a  sand  wash,  all  of  which  appear  exactly  alike. 

The  vegetation  was  sparse,  and  consisted  of  the  same  monoto- 
nous shrubs  already  so  often  mentioned.  The  extreme  aridity 
was  emphasized  by  the  absence  of  Agaves  and  Cactaceae. 
Toward  the  upper  end  of  the  wash  were  tufts  of  Arislida  bro- 
moides,  A.  Parishii  and  Plcuraphis  riyida,  too  few  to  affect  the 
general  barrenness. 

As  the  summit  is  neared  ledges  project  composed  of  small 
oyster  shells  closely  compacted.  The  divide  itself  is  a  wide 
expanse  of  grayish  clay,  cut  by  ravines  hundreds  of  feet  deep  and 
precipitously  steep.  The  pathway  follows  the  ridges,  so  narrow 
as  barely  to  afford  a  precarious  passage.  The  barrenness  of  the 
clay  is  untouched  by  a  trace  of  vegetation.  At  last  a  slope  is 
reached  down  which  it  is  possible  to  descend  to  a  wash  leading 
to  the  canyon. 

Split  canyon  well  deserves  its  name,  since  it  seems  an  enor- 
mous crevice  riven  into  the  heart  of  the  mountain.  For  a  mile 
or  more  its  perpendicular  walls  of  sandstone  and  conglomerate 
tower  hundreds  of  feet  on  either  hand.  The  floor  is  from  100 
to  300  feet  in  width,  and  in  places  is  so  httcred  with  great  angular 
blocks  of  stone  that  it  is  with  difficulty  that  passage  for  a  wagon 
is  found  between  them.  Plant  growth  was  very  limited,  both  in 
species  and  in  individuals.  Among  the  rocks  were  Hyptis  Emoryi, 
Paroseki  spiuosa  and  Acacia  Grcggii;  and  a  few  herbs,  Chamae- 
syce  polycarpa,  Achyronychia  Cooperi  and  a  desert  form  of  Hosackia 
strigosa,  spread  their  radiate  stems  upon  the  sand.  AVith  them 
grew  some  clumps  of  Astragalus  limalu^,  and  along  the  base  of 
the  cliffs  Aster  OrcuUii,  Physalis  crassifolia  and  Oenothera  cardio- 
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phylla,  all  common  in  the  desert  canyon.  Rarer  plants  were  Caly- 
coseris  Wrightii  var.  calif ornica,Coldenia  brevicalyx,Malperia  tenuis 
and  Astragalus  sabulonum. 

MOUNTAIN   SPRINGS 

Mountain  Springs  is  in  San  Diego  county,  almost  on  the  line 
dividing  it  from  Imperial  county,  and  some  5  miles  from  the 
Mexican  boundary.  A  steep  escarpment  here  divides  the  Colo- 
rado desert  from  the  confused  region  of  mountains,  seldom  ex- 
ceeding 5000  feet  in  altitude,  which  reaches  to  the  shores  of  the 
Pacific.  An  excellent  road,  cut  in  the  rocky  sides  of  ]\Iyers'  can- 
yon, is  the  artery  of  travel  between  Imperial  valley  and  the  port 
of  San  Diego.  On  the  desert  side  it  is  approached  from  Coyote 
Wells,  the  altitude  of  which  is  only  225  feet.  An  ascent  of 
865  feet  in  a  distance  of  6.5  miles  intervenes  to  the  base  of  the 
mountain  wall.  Thence  to  the  springs  (alt.  2370  ft.)  is  5.5  miles 
and  a  rise  of  1260  feet,  and  from  there  to  the  summit  3.5  miles  and 
a  rise  of  861  feet,  making  its  altitude  3231  feet  above  sea  level. 

These  data  will  convey  some  idea  of  the  extreme  abruptness 
of  the  desert  rim  at  this  part  of  its  course,  and  this  will  be  more 
evident  when  it  is  remembered  that  the  canyon  mileage  is  meas- 
ured along  the  road,  which  liy  its  convolutions  attains  an  easy 
grade,  so  that  the  direct  incline  would  be  no  more  than  one-fifth 
of  the  road  distance.  It  is  evident,' therefore,  that  there  is  here 
compresssed  in  a  short  space  a  difference  of  altitude  which  should 
manifest  itself  by  a  corresponding  difTerentiation  of  the  plant 
population. 

Such  differences  exist,  but  not  as  marked  as  might  be  expected 
were  certain  other  factors  not  taken  into  consideration.  There 
are  no  records  of  the  rainfall  at  Alountain  Springs;  probal)ly  it  is 
slightly,  but  only  sUghtly,  greater  than  that  upon  the  open  desert 
beyond.  The  temperature,  especially  in  winter,  must  be  some- 
what cooler.  But  it  must  be  remembered  that  this  precijjitous 
canyon  faces  the  burning  Salton  Basin,  while  behind  it  are  low 
mountains  whose  aridity  is  little  modified  even  to  the  borders 
of   the   sea.     The  passage   is   not   from   one  phytogeographical 
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region  to  another,  but  between  two  differentiated  subdivisions. 
The  differences  here  are  mainly  those  of  altitude,  which  does  not 
appear  to  1)p  of  primary  importance. 

The  rocky  nature  of  the  substratum,  almost  destitute  of  soil 
of  any  kind,  provides  a  place  for  plants  whose  root  systems  are 
altogether  different  from  that  of  those  growing  in  any  of  the 
soils  of  the  basin.  But  the  vegetation  is  of  the  same  extreme 
xerophytic  type  prevalent  throughout  the  whole  region.  In 
point  of  fact  there  grows  here  but  a  single  species  which  is  not 
found  elsewhere  in  these  desert  mountains.  The  distinguishing 
feature  is  the  comparative  abundance  of  the  flora.  Only  in  some 
of  the  canj'ons  which  descend  from  the  San  Gorgonio  or  the  San 
Jacinto  Mountains  is  it  more  varied  and  abundant. 

This  is  most  apparent  to  one  who  approaches  it  from  the 
desert.  For  weary  miles  he  has  toiled  through  a  drearj^  monot- 
ony of  unattractive  low  shmbs,  isolated  by  wide  bare  spaces. 
At  Coyote  Wells  he  has  found  a  patch  of  salt  grass,  and  a  few 
wretched  mesquites.  Beyond  lay  a  still  more  naked  waste  of 
sand;  To  one  thus  coming  the  canyon  vegetation  appears  not- 
ably varied  and  pleasing. 

It  is  a  matter  of  regret  to  the  writer  that  he  was  not  able  to 
devote  more  time  to  the  study  of  this  interesting  canyon.  It 
deserves  days,  rather  than  the  hours  he  was  able  to  give  to  it. 
"While  the  conditions  produce  a  crowding  together  and  com- 
mingling of  the  various  plants,  a  careful  study  would  enable  one 
to  define  their  several  topographical  limits.  In  the  absence  of 
this  only  a  partial  account  can  be  offered. 

The  plants  which  most  attract  attention  by  reason  of  their 
size  are  Fouquiera  splendens,  Yucca  mohavensis  and  a  species  of 
Nolina,  the  flowers  and  fruit  of  which  have  never  been  collected 
at  this  place,  but  which  has  been  referred  on  foliar  characters 
to  N.  Bigelovri  Wats.  The  species  was  founded  by  Torrey 
(as  Dasylirion  Bigelovii)  on  a  specimen  from  Bill  Williams  River, 
Arizona,  and  according  to  Trelease  it  has  also  been  collected 
in  Cantillas  Canyon,  in  adjacent  Lower  California.^    In  Cali- 

» Torrey,  Pac.  R.  Kept,  iv,  pt.  5,  p.  151.  Watson,  Proc.  Amfer.  Acad,  xiv,  p. 
247.    Trelease,  Proc.  Amer.  Philos.  Soc.  L,  p.  423. 
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fornia  it  has  been  collected  only  at  Mountain  Springs.  The  trunk 
is  1-5  feet  high,  and  the  few  dry  remains  of  infloresence  were 
about  3  feet  tall.  It  is  desirable  that  fruit  and  flowers  should  be 
collected  at  this  station. 

The  three  shrubs  mentioned  are  plentiful  in  the  neighborhood 
of  the  Springs,  growing  among  the  rocks  of  the  little  benches  of 
the  canyon.  With  them  grow  Ephedra  nevadensis,  a  small  shrub, 
and  Thamnosma  montanum,  and  Mirabilis  calif ornica  aspera, 
two  suffrutescent  xerophytes.  All  might  well  be  included  among 
the  petrophytes,   which,   since  granitic   rocks  afford   nuich   the 


Fig.  4.     A  Mcsquito  near  the  border  of  a  dry  channel.     Its  appearance  indi- 
cates an  insufficient  water  supply. 

greater  part  of  the  substratum,  constitute  the  most  of  the  flora. 
Lithophytes,  so  far  as  the  hasty  examination  permits  one  to  speak, 
were  not  in  evidence;  but  as  the  rocks  are  full  of  seams,  and  the 
ravines  offer  a  variety  of  aspects,  chasmo])hytes  abound.  Among 
them  are  Dudlcya  pulvcrulenla,  Echinocaclus  cylindracm.'i,  Ma- 
millaria  phellosperma  and  one  or  two  Plalopunlias;  together  with 
Fagojiia  calif  ornica  and  Ilofmicsleria  pluriscta.  The  sporo- 
phytes  were  represented  by  a  sterile  Selaginclla  of  the  S.  rupeslris 
group,  and  two  ferns,  Noiholaena  Parryi  and  Cheilanlhes  viscida, 
all  abundant. 

Some  distance  above  the  Springs  a  bed  of  sand  lills  tlie  channel 
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for  a  short  space  where  the  descent  is  shght,  and  in  it  grows  an 
unaccustomofl  fellowship  of  plants.  A  few  scrub  oaks  and 
slirul)l)y  willows  ((^la'rcu.'i  dumosa  and  Salix  laevigata)  have  passed 
over  from  the  further  side  of  the  summit,  while  numerous  robust 
clumps  f)f  J  uncus  acutus  var.  spliacrocarpus  represent  a  still  more 
distant  horizon.  This  rush  is  abundant  immcdiatel}'  along  the 
coast,  and  according  to  the  books  does  not  extend  beyond  the 
neighborhood  of  the  sea.  It  is,  however,  one  of  a  small  number 
of  plants  which  are  plentiful  within  the  influence  of  the  moist 
sea  air,  and  then  disapjiear  from  the  intervening  territory,  to 
reappear  in  small  numbers  in  one  or  two  places  on  the  desert 
l)or(lers.^  In  view  of  their  extreme  rarity  in  the  latter  habitat, 
which  they  evidently  find  uncongenial,  it  may  be  possible  to 
regard  them  here  as  reUct  plants  of  a  flora  which,  at  the  time 
when  the  trough  of  the  desert  was  an  arm  of  the  sea,  must  have 
differed  somewhat  from  the  present. 

The  principal  representatives  of  the  desert  flora  were  Cha- 
moesyce  setiloba,  Salvia  Vaseyi  and  a  Sj^hairalcea  which  has  been 
doubtfully  included  in  »S.  amhigua.  It  is  occasionally  found 
in  the  desert  mountains,  and  always  along  the  borders  of  the 
washes  within  the  canyons,  and  its  numerous  slender  stems, 
1-1.75  meters  long  and  its  light  purple  flowers,  present  a  very 
different  facies  from  that  of  the  shorter  and  stiffer  stems  and  the 
brick-reil  flowers  of  S.  amhigua,  which  is  distinctly  a  mesa  or 
hillside  plant.  The  field  botanist  will  not  be  satisfied  to  in- 
clude it  in  that  species,  but  as  no  strictly  technical  character  has 
been  found  to  separate  it,  its  final  disposition  may  best  be  left 
to  a  monographer  of  this  difficult  genus. 

The  summit  of  the  canyon  is  of  coarse  decomposed  granite. 
In  it  grew  an  abundance  of  Gilia  pu7igens  var.  Hallii  and  Astrag- 
alus Vaseyi,  and  a  few  specimens  of  A.  coccinea,  the  most  bril- 
liant species  of  the  genus. 

^  Tlio  others  are  Adianlum  emarginnlum,  Saxifraga  Parryi,  Stemodia  duranli- 
Jiilia  and  Xcmacdiilix  Nultnllii.  All  these,  as  well  as  the  Juncus,  occur  spar- 
ingly at  Palm  Springs,  at  the  desert  base  of  San  Jacintomoiintains,  andXemacaulis, 
but  none  of  the  others,  has  been  collected  on  Carrizo  creek. 
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A  -Text-Book  ok  Biology. — Most  of  us  have  used  and  all  of  us 
have  admired  Sedgwick  and  Wilson's  text  book  General  Biology.  A 
new  volume  "based  upon"  this  text  book  and  written  by  Professor 
Calkins  raises  high  expectations  but,  upon  reading,  one  is  disappointed. 
The  book'  is  carelessly  written  and  needs  thorough  and  extensive 
revision  before  it  can  be  accepted  as  a  substitute  for  the  still  very 
usable  older  work. 

The  plan  of  the  book  is  best  told  by  the  headings  of  the  chapters: 
Introduction.     (Classification  of  the  Biological  Sciences.) 
Chapter  I.     Living    and    Lifeless    Matter.     (Abstract    treatment.) 
Chapter  IL     Protoplasm  and  the  Cell,  and  Organisms  of  One  Cell. 
(Yeast,  Bacteria.) 

Chapter  IIL     Organisms  of  One  Cell,  continued.     (Amoeba,  Flagel- 
lates,   Paramecium,    Biological    Problems    i.e.     Animals    vs.    Plants, 
Spontaneous  Generation,  Age  and  Death,  Fertilization.) 
Chapter  I\'.     Organisms  of  Tissues.      (Hydra.) 
Chapter  V.     Plants.     (Nutrition,   Pleurococcus,   Sphaerella,  Pteris.) 
Chapter  IV.     Organs  and  Organ  Systems.     (Earthworm.) 
Chapter  MI.     Homology  and   the  Basis  of  Classification.     (Lob- 
ster.) 

Chapter  VIII.  Parasiti.sni:  Physiological  Adaptation.  (Tai)e-worm, 
Phagocj'losis,  Imnmnity.) 

Chapter  IX.  The  Perpetuation  of  .\daptations.  (Heredity  and 
Evolution.) 

Excellent  features  in  the  book  arc  its  illustrations  (except  that  on 
p.  L52  which  shows  inaccurately  the  sperm  ripening  pouches  of  the 
earthworm,  and  figure  39  which  shows  too  little  to  bo  of  interest), 
and  its  treatment  of  Mendelism  and  other  phenomena  of  inheritance 
in  the  last  chapter.  Its  most  serious  defects  are  its  frequent  failures 
to  approach  a  subject  first  by  concrete  illustrations  before  presenting 
a  digest  of  the  matter,  numerous  instances  of  inaccurate  statements  or 
statements  of  doubtful  validity,  some  instances  of  confusion  of  thought 

'  Calkin.s,  Gary  X.,  Biology.  I'p.  211,  (igs.  101.  New  York,  Ilcniy  Holt  and 
Company,  1914. 
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or  statement,  lack  of  cloaincss  due  to  insufficient  exposition  of  some 
subjects  mentioned  or  to  vapucness  of  statement,  occasional  wronn 
use  of  words,  frequent  poor  English,  all  or  nearly  all  duo  doubtles.s 
merely  to  lack  of  care  in  the  preparation  of  the  book.  A  fuller  treat- 
ment of  several  of  the  types  and  of  some  of  the  general  conceptions 
would  be  advantageous. 

As  inaccuracies  note  p.  70,  conjugation  a  phenomenon  universal 
in  animals  and  jilants;  p.  50,  contractile  vacuole  of  Amoeba  heavier 
than  protoplasm;  p.  47,  acidity  of  liquid  in  gastric  vacuoles  of  Amoeba 
due  to  (ligestiv(> /cr»ipn^s,■  p.  38,  the  scattered  granules  in  bacteria  are 
chromatin;  p.  80,  minimum  number  of  tentacles  in //i/f/ra  8;  p.  91,  no 
specialization  of  fm  ctional  nervous  fibres  found  in  Protozoa  (cf.  ^^harp 
on  Diplodinium) ;  p.  103,  cellulose  a  distinctive  plant  product  (cf.  p.  65) ; 
p.  171,  gill  formula  for  Crawfish  [this  is  of  course  different  in  Astacus 
and  Cambarus];  p.  170,  ears  of  lobster  called  auditory  organs;  p.  180, 
a  lobster  detaches  its  nmscles  from  the  exoskeleton  before  shedding 
the  latter:  |).  180,  the  lobster  leaves  the  egg  as  a  young  lobster,  reaching 
(he  adult  condition  by  growth;  p.  194,  scarlatina  affects  man  only 
[cows  are  also  susceptible];  p.  201,  Darwin  treats  natural  selection  as  a 
source  of  variations;  p.  139,  cilia  absent  on  endodermal  cells  of  typhlo- 
sole  of  earthworm;  p.  168,  only  digestible  material  enters  the  pyloric 
stomach  of  lobster;  p.  173,  the  duct  of  the  green  gland  in  the  lobster 
opens  on  the  basal  joint  of  the  antennule;  p.  161,  "When  organs  have 
the  same  ancestry,  that  is  when  they  come  from  some  common  part 
of  an  ancestral  animal,  they  are  said  to  be  homologous"  [this  definition 
of  course  does  not  include  the  serial  homology  in  the  appendages,  of 
the  lobster  mentioned  by  Professor  Calkins  on  the  same  page].  There 
are  numerous  other  instances. 

As  stat(>ments  of  doubtful  validity  note  p.  71,  conjugation  "a  proc- 
ess of  protoplasmic  reorganization  followed  by  renewal  or  re-birth  of 
all  \-ital  activities  including  that  of  reproduction"  [by  the  way,  the 
German  custom  of  distinguishing  between  conjugation  and  copula- 
tion is  not  followed  by  Professor  Calkins);  p.  01,  Paramecium  is  covered 
by  a  lifeless  pellicle;  p.  32,  processes  of  nutrition  in  yeast  primitive; 
p.  186,  the  scolex  in  the  tape  worm  anterior  [for  what  appears  to  be 
a  demonstration  of  the  inaccuracy  of  this  statement  see  Kofoid  on 
Gyrocotyle];  p.  187,  proglottids  of  tape  worm  not  metameres  [cf.  Ko- 
foid on  Gyrocotyle];  p.  231,  "The  history  of  the  earth  as  written  in  modern 
geology  allows  some  hundred  millions  of  years  for  modern  types  to 
•have   evolved."    [The    planitesimal    hypothesis   greatly   extends   this 
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possible  time.  Of  course  the  earliest  fauna  and  flora  we  know  may 
have  been  preceded  by  many  of  which  we  have  no  record.]  There 
are  many  similar  instances. 

Examples  of  omission — exoskeleton  of  earthworm  and  the  cutiQ- 
ular  lining  of  stomodacum  not  mentioned;  the  valves  in  the  blood 
vessels  of  the  earthworm  are  not  mentioned;  polymorphism  in  hj'- 
droids  and  the  character  of  medusae,  if  mentioned  at  all,  should  at 
least  be  figured;  the  water  currents  in  the  branchial  chambers  of  the 
Crawfish  are  insufficiently  described.  Many  other  examples  of  in- 
sufficient treatment  might  be  given. 

But  I  must  not  prolong  this  detailed  list  of  defects.  Over  one  hun- 
dred and  twenty-fiye  were  noted  in  a  hasty  reading.  Of  these  I  have 
mentioned  here  only  a  few  instances  of  three  of  the  many  types  of  such 
defects.  The  main  criticisms  of  the  Ijook  are  for  inaccuracy  and  lack 
of  clearness  due  to  carelessness,  for  failure  to  approach  the  several  sub- 
jects in  a  way  natural  and  fully  intelligible  to  a  beginning  student, 
in  some  instances  for  poor  choice  of  and  arrangement  of  material,  and 
for  insufficient  development  of  some  themes.  It  is  difficult  to  see 
why  Professor  Calkins  should  care  to  write  the  book  at  all  if  he  were 
not  ready  to  give  to  it  the  attention  necessary  to  success.  To  properlj^ 
supplant  the  older  work  of  Sedgwick  and  Wilson  the  book  not  only  must 
be  more  carefully  written  but  must  also  be  better  planned.  Few  men 
could  do  this  better  than  Professor  Calkins  if  he  really  cared  to  do  it. 

Maynard  M.  Metcalf. 

Abscission. — The  autumnal  fall  of  leaves  is  the  most  generally 
known  example  of  abscission.  However  other  plant  parts  may  be 
shed,  among  which  may  be  mentioned  embryo  plants,  as  is  the  case  in 
viviparous  species  of  Rhizophura,  Podocarpu.s,  and  TiUandsia,  stem  seg- 
ments which  often  include  large  branches,  as  in  Salix,  Populus,  and 
Caslilloa,  tendrils,  as  in  Ampdopsis,  bud  scales  and  stipules,  spines,  as 
in  certain  cacti,  flowers  and  their  parts,  and  fruits,  the  most  classic  ex- 
amples of  which,  perhaps,  are  cotton  squares  and  bolls.  Various  in- 
vestigations have  recorded  the  occurrence  of  shedding  and  have  sought 
to  explain  the  cau.ses  of  abscission.  Two  recent  papers  by  Lloyd--' 
not  only  bring  together  these  results  but  very  materially  contribute  to 
our  knowledge  of  this  interesting  phenomenon.     Attention  is  given  to 

'  Lloyd,  F.  E.,  Abscission.     The  Ottawa  Naturalist  28:  41-52,  61-75,  1914. 
'  Lloyd,   F.  E.,   Injury  and  abscission  in  ImpatieTis  sultani.    Sixth  Rep't. 
Quebec  Soc.  Protection  of  Plants,  72-79,  PI.  1,  1014. 
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external  faetors  such  as  tonipcrature,  liumidity,  water  enntent  of  the 
soil,  mechanical  injuries  due  to  shaking  and  woundinfi,  toxic  gases, and 
light,  and  to  such  other  factors  as  the  time  required  for  separation  to 
qccur  and  the  mechanism  and  method  or  manner  of  abscission.  As  a 
result  of  this  study  of  more  than  thirty  species  of  plants  it  is  concluded 
that  chemical  changes  (perhaps  enzymotic)  are  always  present  in  the 
abscission  layer  to  some  extent  whether  giowth  and  tingor  changes  in- 
tervene or  not.  Wcisner,  Kubart,  and  Loewi  regard  turgor  as  the  more 
important  factor  in  effecting  separation  and  t)elieve  that  chemical 
changes  may  in  some  cases  be  absent.  In  Imixitienx  and  Ampelopsis, 
at  least,  Lloyd  finds  that  the  abscission  cells  show  no  higher  osmotic 
equivalent  at  the  time  of  abscission  than  adjacent  cells.  By  the  use  of 
5%  KOH  the  walls  of  the  abscission  cells  in  Chclrnnthun  could  be  made 
to  simulate  autolysis. — Fkedehick  A.  Wolk. 


NOTES  AND  COMMENT 

At  the  Princeton  Meeting  of  the  Association  of  American  Geog- 
raphers, in  Deceml)er  1913,  a  paper  was  presented  by  Mr.  W.  L.  C>. 
Joerg  in  which  he  reviewed  all  of  the  leading  attempts  at  a  subdivision 
of  North  America  into  natural  regions.  In  the  recently  published  text 
of  this  paper  (Annals  of  the  Association  of  American  Geographers, 
Vol.  4,  p.  5.5)  the  author  shows  that  the  principal  criteria  for  such 
maps  have  liecn  taken  from  physiography,  orography,  climate,  and 
the  distribution  of  plants  and  animals.  He  has  brought  together 
a  series  of  21  maps  showing  the  proposals  of  as  many  workers  for  the 
subdivision  of  North  America,  or  of  the  United  States,  on  the  basis  of 
some  one  of  these  criteria,  or  on  a  composite  basis  of  all  of  th(>m.  Mr. 
Joerg  adds  a  mapof  his  own,  which  he  speaksof  as  "selective" and  "ten- 
tative," showing  the  natural  areas  of  North  America. 

Such  a  tremendous  diversity  is  exhibited  by  the  maps  collected  by 
Mr.  Joerg  that  it  is  almost  surprising  that  the  members  of  the  Associa- 
tion had  the  courage,  at  their  last  meeting  in  Chicago,  to  conduct  a 
round-table  conference  on  the  subject  of  the  proper  methods  and 
criteria  for  the  delineation  of  physiographic  provinces  in  the  United 
States.  There  is  at  least  some  hope  of  achieving  acceptable  maps 
of  physiographic  or  climatic  provinces,  provided  it  is  possible  to  \mify 
or  compromise  the  divergent  view-points  of  all  the  physiographers  or 
(dimatologists.  Students  of  regional  problems  in  botany  and  zoology 
will  have  considerable  use  for  such  maps,  provided  they  are  based 
strictly  on  the  features  which  they  are  supposed  to  depict.  A  maj) 
of  climatic  provinces  like  that  of  Koppen,  for  example,  which  is  based 
to  a  great  extent  on  veg(;tational  c'riteria,  can  be  of  little  use  to  a  plant 
geographer,  unless  he  enjoys  the  intellectual  exercise  of  reasoning  in 
a  circle. 

The  con.struction  of  a  map  of  natural  regions  is  a  much  more  difh- 
cult  undertaking,  and  largely  because  it  is  a  less  definite  one.  The 
map  proposed  by  Mr.  Joerg  is  a  very  careful  piece  of  work  and 
might  serve  fairly  well  as  a  map  of  climatic,  physiographic,  or  biotic 
regions.  In  fact  it  differentiates  climate  better  than  the  purely  climatic 
maps  of  Supan  and  of  Ilult,  and  it  makes  abetter  map  of  vegetational 
areas  than  that  of  Hardy,  which  is  based  on  vegetation  alone. 
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The  GooloKical  Survey  of  South  Dakota  is  coiitinuiiif!;  its  work  on 
the  biological  features  of  that  state,  its  most  recent  bulletin  being  a 
report  on  Hardinf;  County,  embracing  a  clcscrii)tion  of  the  vegetation 
and  a  list  of  plants,  birds,  and  mammals.  Throughout  the  report 
the  grassland  is  unhai)[)ily  alluded  to  as  "steppe,"  a  term  which  is  not 
properly  applicable  to  any  part  of  the  United  States. 

Dr.  L.  Cockayne,  of  Wellington,  has  jjublishctl  for  distribution  at 
the  Panama-Pacific  Exposition  a  pamphlet  of  35  j)ages  describing  a 
large  number  of  New  Zealand  plants  suitable  for  cultivation  in  the 
United  States. 

Prof.  Dr.  A.  Burgerstein,  of  N'icnna,  has  completed  a  revision  of 
his  well  known  text  on  the  transpiration  of  plants,  but  states  thai  he 
will  be  unable  to  publish  it  until  the  close  of  the  European  war. 
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ATMOAIETRY  AND  THE   POROUS  CUP  ATMOMETER 

BURTOX   EDWARD    LIVINGSTON 

The  JohTis  Hopkins  University,  Baltimore,  Md. 

Ill 

Installaiion 

The  Absorbing  Mounting.  For  laboratory  work,  in  rooms, 
green-houses,  and  in  any  exposures  where  rain  and  heavy  dew 
will  not  be  encountered,  the  simple  absorbing  mounting  (see  fig. 
5)  is  to  be  recommended.  This  consists  merely  in  a  rubber 
stopper  closing  the  open  (lower)  end  of  the  cup  and  bearing, 
through  a  perforation,  a  rigid,  insoluble  tube  (glass,  hard  rubber, 
block  tin,  copper,  possibly  brass),  of  about  6  mm.  bore,  which 
connects  with  the  water  reservoir  below.  The  tube  should 
project  a  few  centimeters  into  the  cup.  On  the  longer  free 
part  of  the  tube  is  placed  a  perforated  cork  stopper,  its  larger  end 
toward  the  center  of  the  tube,  as  is  the  larger  end  of  the  rubber 
stopper.  This  cork  should  fit  the  tube  tightly  so  as  not  to  slide 
readily  up  and  down.  It  has  a  small  oblique  groove  (2-3  mm. 
wide  and  of  the  same  depth)  on  one  side;  a  reservoir  bottle  is 
provided  to  take  the  cork  stopper,  and  when  the  latter  is  in 
place  air  can  enter  or  leave  the  bottle  through  tlic  open  groove. 
The  groove  in  the  cork  may  be  replaced  by  inserting  through  the 
cork  a  .short  tube  of  small  bore,  its  projecting  upper  end  refle.xed 
in  the  form  of  an  inverted  J  and  loosely  plugged  with  cotton. 
The  bottle  used  is  an  ordinary  one  of  narrow  mouth,  holding 
from  250  to  1000  cc.  according  to  the  requirements.  The  cork 
stopper  is  so  placed  upon  the  tube  that  the  latter  reaches  n(>url,y 
to  the  bottom  of  the  bottle  when  the  stopper  is  firmly  in  place. 
The  cork  should  extend  above  the  neck  of  the  bottle  far  enough 
to  give  safe  fingerhold,  to  avoid  danger  of  moving  the  stopper 
upon  the  tube.  .\  file  mark  upon  the  lower  part  of  the  bottle 
neck  serves  as  a  zero  mark  when  filling  the  bottle. 
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Of  course  the  tube  may  be  connected  with  the  outlet  of  a 
burette  at  a  lower  level,  so  that  accurate  readings  may  be  made 
directly.  In  such  a  case  it  is  advisable  to  cover  the  open  end  of 
the  burette  with  a  suitable  cap. 

The  bottle  is  first  filled  with  distilled  water.  The  cup  is  then 
I i lied  to  overflowing  and  the  rubber  stopper  is  firmly  set  in 
place.  Then  the  cup  is  held  downward  and  the  tube  is  filled  with 
wiitei-  by  pouring  from  the  bottle,  after  which  tube  and  cup  are 
((uicklj-  inverted  and  the  latter  is  thrust  into  the  bottle,  avoid- 
ing any  entrance  of  air  into  the  open  end  of  the  tube.  The  cork 
stopper  is  then  firmly  placed.  It  is  desirable  to  allow  from  12 
to  24  hours  to  elapse  before  beginning  the  taking  of  readings,  so 
that  the  water  films  of  the  cup  may  come  into  equilibrium. 
"Where  long  periods  elapse  between  readings  (as  of  several  days) 
the  latter  jirecaution  may  be  omitted,  with  the  introduction  of 
but  a  comparatively  slight  error. 

At  the  beginning  of  operation  the  cork  stopper  is  loosened 
from  the  bottle,  it  and  the  tube  are  lifted  high  enough  so  that 
the  lower  surface  of  the  cork  is  free  from  the  bottle  neck,  and 
moved  laterally  as  far  as  the  tube  will  allow.  The  tube  and  cork 
are  now  lowered  until  the  lower  face  of  the  latter  rests  upon  the 
top  of  the  l)ottle,  leaving  the  bottle  mouth  open  sufficiently, 
alongside  the  tube,  to  allow  the  pouring  in  of  water.  The  bottle 
is  now  filled  to  the  zero  mark  and  the  cork  firmly  replaced.  At 
the  end  of  the  period  of  operation  this  method  of  filling  the 
reservoir  is  again  used,  the  water  required  being  measured  from 
graduate  or  Ijurette.  The  amount  of  water  thus  required  is 
the  loss  which  has  occurred  for  the  period.  The  manipulation 
of  the  cork  and  tube  (with  the  cup  above),  as  just  described, 
insures  that  at  every  filling  the  same  amount  of  water  in  the 
reservoir  will  be  displaced  by  the  tube.  When  the  cork  is  re- 
placed the  water  level  rises  above  the  zero  mark,  but  the  next 
filling  will  be  made  with  the  cork  and  tube  in  the  same  position, 
so  that  theio  is  no  error  thus  involved.  If,  when  the  cork  is 
forced  into  position,  the  cuj)  becomes  visibly  wet  on  the  out- 
side, this  means  that  the  groove  in  the  cork  is  stopped  and  re- 
quires enlarging.     In  pouring  water  into  the  bottle,  care  should 
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be  taken  that  air  bubbles  are  not  carried  down  so  as  to  enter  the 
tube  on  rising. 

Where  a  burette  reservoir  is  employed  it  will  of  course  be 
necessary  to  fill  only  when  this  is  nearly  emptied.  The  burette 
is  ordinarily  used  when  observations  are  to  be  taken  at  frequent 
intervals.  Filling  the  bottle  reservoir  from  a  burette  allows  an 
error  of  reading  of  possibly  0.2  cc,  usually  negligible  where  tem- 
perature changes  are  not  taken  into  account  (thermometer  action, 
expansion  and  contraction  of  the  water  in  the  apparatus)  and 
where  readings  are  not  too  small.  With  the  burette  the  error  of 
reading  is  much  smaller,  depending  upon  its  diameter  and  gradua- 
tion, and  the  volume  change  due  to  temperature  variations  may 
also  be  made  much  smaller  here  than  in  the  case  of  the  bottle. 

For  ver}^  short  periods  of  operation,  as  from  minute  to  minute, 
it  is  convenient  to  prepare  a  horizontal,  graduated  glass  tube 
of  small  bore  and  mount  the  cup  upon  one  end  of  this,  letting 
the  other  end  dip  into  a  vessel  of  water  (see  fig.  6).  An  air 
bubble  is  allowed  to  enter  at  the  free  end,  to  serve  as  an  index 
which  may  be  followed  along  the  horizontal  tube.  This  whole 
arrangement  is  practically  the  same  as  the  potometer,  employed 
in  physiology  to  study  rates  of  absorption  of  cut  plant  parts. 
Of  course  the  tube  may  be  calibrated  so  that  units  of  its  length 
may  be  converted  into  volume  units. 

As  has  been  mentioned,  the  error  of  volume  change  due  to 
temperature  alteration  in  the  water  of  the  instrument  is  to  be 
completely  avoided  by  weighing  the  whole  apparatus  at  each 
reading  and  obtaining  the  loss  directly  in  terms  of  weight. 

The  Non-Ab.'iorhing  Mounting.  A  feature  of  the  porous  cup 
atmometer  mounted  as  just  described,  which  it  possesses  in 
common  with  the  open  pan  of  water,  is  that  the  results  are  ren- 
dered more  or  less  false  bj'  the  occurrence  of  rain. 

It  has  been  pointed  out  that  the  reason  for  the  cup  remain- 
ing filled  with  water  lies  in  the  fact  that  the  tiny  water-air  me- 
ni.sci  which  close  the  outer  ends  of  the  pores  of  the  wall  arc  not 
broken  by  air  pressure  of  considerable  magnitude.  ]\Iiss  Aleita 
Hopping,  working  in  the  writer's  laboratory,  has  shown,  indeed, 
that  the  ordinarj^  type  of  atmometer  cup,  when  its  wall  is  wet 
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with  water,  prevents  the  passage  of  undissolved  air  until  an 
air  pressure  of  from  three  to  five  atmospheres  is  applied.  With 
such  high  pressures,  and  only  with  them,  does  the  air  force  its 
way  through  the  porous  walls,  diivinfi;  out  more  or  less  of  the 
imbibed  water. 

^\.s  the  atmometer  is  set  up  for  operating,  the  unbalanced 
air  pressure  exerted  on  the  outside  of  the  wet  cup  wall  never 
amounts  to  more  than  a  meter  of  water  column,  say  10  cm.  of 
mercury  at  most,  which  is  only  about  one-seventh  of  a  single 
atmosphere.  Thus  the  films  in  question  are  never  strained  so 
as  even  to  approach  the  breaking  point,  and  the  pressure  of  the 
air  is  as  completely  removed  from  the  water  within  the  cavity 
as  though  the  cup  were  of  glass.  On  the  water  surface  in  the 
reservoir  the  full  atmospheric  pressure  is  freely  applied,  however, 
and  this  is  sufficient  to  support  a  water  column  in  the  tube  and 
cup  many  times  as  long  as  this  column  ever  actually  is  in  any 
operating  instrument. 

When  rain  falls  upon  the  cup,  however  the  menisci  closing 
the  pores  are  destroyed,  the  external  water  surface  being  built 
up  tlu-ough  addition  of  water  from  without,  so  that  there  are 
now  no  menisci  at  the  outer  ends  of  the  pore  openings.  The 
result  is  that  the  water  surface  comes  to  be  a  free  one,  situated 
some  small  distance  outside  of  the  exterior  surface  of  the  porous 
wall.  This  free  water  surface  receives  the  full  atmospheric  pres- 
sure, which  tends  to  drive  water  through  the  cup  wall,  with  a 
pressure  as  great  as  that  of  the  water  column  extending  from 
the  cup  surface  to  the  level  of  the  water  surface  in  the  reservoir 
below,  \irtually  the  whole  apparatus  now  behaves  as  a  porous 
clay  filter  with  a  water  column  below  "drawing"  water  through 
it.  The  higher  the  water  column  of  the  instrument  the  more 
rapidly  will  water  pass  in,  under  these  conditions. 

The  rate  of  absorption  of  the  standardized  S-cm.  cup,  30-cm. 
above  the  reservoir  surface,  when  the  cup  is  kept  externally 
covered  by  water  (as  in  a  hea\-y  shower)  may  be  over  4  cc.  per 
hour.-"    It  is  clear  that  .such  rates  of  absorption  during  rainy 

"Harvey,  E.  M.,  The  action  of  the  rain-eorreciLng  atmometer.  Plant  World 
16:89-<)3,  1913. 
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periods  utterly  destroy  the  value  of  the  instrument  as  one  for 
measuring  the  evaporating  power  of  the  air.  As  has  been 
stated,  the  absorbing  mounting  above  described  is  suitable  only 
where  rain  and  heavy  dew  do  not  occur;  for  of  course  dew  formed 
on  the  cup  is  absorbed  just  as  is  rain.  In  moist  times,  of  low 
evaporation  rates,  a  shower  lasting  less  than  an  hour  may  inject 
into  the  reservoir  more  water  than  is  removed  by  evaporation 
during  the  entire  remainder  of  the  day.  Hence  the  evaporation 
rate  for  that  day,  although  evaporation  actually  occurred  for 
almost  the  entire  time,  cannot  be  determined  from  the  instrument. 

To  avoid  this  difficulty,  and  give  to  the  porous  cup  atmome- 
ter  its  greatest  advantage  over  the  open  pan  of  water,  the  non- 
absorbing  mounting  was  devised^'  (see  fig.  7).  In  its  essentials 
the  non-absorbing  porous  cup  atmometer  differs  from  the  ab- 
sorbing form  only  in  the  introduction  into  the  tube,  between 
reservoir  and  cup,  of  a  simple  mercury  valve  which  allows  water 
readily  to  pass  from  reservoir  to  cup  but  practically  prevents 
am'  movement  in  the  opposite  direction.  Figure  7  (reprinted 
here  from  the  author's  paper  just  cited)  shows  the  essential 
construction  of  the  non-absorbing  mounting  as  usually  arranged. 
The  following  description  is  largely'  drawn  from  the  earlier 
publication. 

Two  glass  tubes  (^4  and  S)  extend  downward  from  the  rubber 
stopper,  one  of  them  reaching  upward  to  the  tip  of  the  cup, 
the  other  only  tlirough  the  stopper.  These  tubes  are  slightly 
offset  laterally,  so  as  to  allow  the  attachment  of  the  remaining 
members.  They  are  of  small  l)oro  -1  mm.  is  sufficient — as  are 
alsQ  the  other  two  tubes  mentioned  below,  f^ach  of  these  tubes 
passes  a  2-perforated  stopper  into  a  small  shell  vial  (with  round 
bottom,  though  this  detail  is  not  shown  in  the  diagram).  Tube 
/'  nearly  reaches  the  bottom  of  the  vial,  tube  A  merely  pene- 
trates the  stopper.  Through  the  renuiining  perforation  in  each 
stopper  extends  a  second  tube  {E,  F).  Tube  /•.'  is  l)ent,  first 
laterally  about  5  cm.  and  then  downward.  It  reaches  nearly 
to  the  bottom  of  both  vial  ('  and  reservoir  (!.     Tube  F  reaches 

"    Livingston,  H.  10.,  A  rain-coirccting  atmonn'iiT  for  ecological  instiiiiiii'nta- 
tioii.     Plant  World  13:79-82,  1910. 


100  BURTON    EDAVAUD    I.IVIXGSTON 

only  thi-ough  the  stopper  (vial  D)  and  extends  about  3  cm 
hitei'ally,  whore  it  ends  free  (the  diasrani  shows  it  bent  downward, 
but  tliis  is  unnecessary).  Tube  A'  is  supplied  with  a  loosely 
fitting  cork  stopper,  slipping  upward  and  downward  upon  the 
tube.  The  reservoir  G  is  treated  as  in  the  absorbing  mounting 
already  described,  a  file  mark  on  its  neck  serving  as  zero  point 
in  filling.  A  metal  support  for  the  vials,  tubes  and  cup  and  a 
protecting  apron  of  waterproof  cloth  to  prevent  rain-water  from 
entering  the  reser\()ii'  around  the  tube,  are  provided  (not  shown  in 
the  diagram) . 

Vials  C  and  D  are  supplied  with  clean  mercury  to  a  height  (jf 
6  or  8  mm.  and  their  stoppers  tightly  inserted.  The  stopper 
of  the  reservoir  is  raised,  the  bottle  slipped  to  one  side  as  far  as 
the  tube  will  allow,  and  filling  occurs  as  in  the  absorbing  form. 
A  rubber  tube  is  attached  to  the  free  end  of  tube  F  and  suction 
is  applied,  causing  water  to  rise  from  the  reservoir,  successively 
filling  vial  C,  the  jjorous  cup  and  \\aX  D,  and  lastly  escaping  into 
the  rubber  tube.  Suction  is  continued  till  no  more  air  bubbles 
enter  this  tube,  when  the  latter  is  removed.  The  instrument  is 
now  ready  for  operation. 

As  water  evaporates  from  the  cup  mercury  rises  in  tube  B 
and  falls  in  tube  E,  until  water  from  the  reservoir  passes  freely 
from  E  to  C,  between  the  mercury  and  the  end  of  the  glass  tube. 
The  lost  water  is  now  supplied  as  usual  from  the  reservoir,  the 
column  of  mercury  in  the  lower  end  of  tube  B  remaining  at  a 
height  of  a  few  millimeters  (depending  on  the  height  of  the  cup 
above  the  water  level  in  the  reservoir).  Water  cannot  enter  the 
cup  from  vial  D  and  this  vial  remains  filled,  unless  it  is  even- 
tually lowered  by  slow  evaporation  through  tube  F. 

In  time  of  heavy  rain  evaporation  from  the  cu])  ceases,  water 
is  absorbed  from  without,  and  mercury  rises  in  tube  E,  simul- 
taneously falling  in  tube  B.  Practically  no  water  can  enter  the 
reservoir  from  the  cup.  Whether  water  flows  from  the  cuji 
through  vial  D  to  the  outside  is  of  no  consequence. 

The  purpose  of  the  second  mercury  valve  is  simi)ly  for  use  in 
filling  a  newly  placed  cup,  as  above  described,  since  the  cup  and 
tubes   cannot    readily   l)e   inverted   as   with   simpler   absorbing 
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mounting.  As  Harvey  has  suggested  (loc.  cit.),  a  stopcock 
might  replace  valve  D,  though  experience  with  too  frequently 
leaky  cocks  leads  the  writer  to  maintain  that  the  mercury  valve 
is  as  simple  as,  and  far  more  certain  than  any  possible  cock. 
When  the  cup  is  to  be  removed  it  is  simply  lifted  from  its  stopper 
and  the  contained  water  is  allowed  to  escape  at  random.  A  new- 
cup  is  placed  on  the  stopper  and  suction  is  applied  to  tube  F  as 
at  first. 

To  avoid  possible  disturbance  of  the  \alves  and  tubes  at  each 
reading,  they  being  attached  to  a  support,  a  large  mouth  bottle 
has  been  latterly  employed,  fitted  with  a  tight  and  permanent 
waxed  cork  stopper.  This  stopper  is  perforated  for  the  tube  E 
and  also  bears  a  glass  tube  of  large  bore  (about  1  cm.)  and  about 
10  cm.  long,  reaching  nearly 'through  the  cork  from  above.  The 
lower  surface  of  the  cork  is  reamed  away  to  form  a  broadly  coni- 
cal opening  to  conduct  air  bubbles  upward  into  the  large  tube. 
This  tube  serves  as  does  the  small  neck  of  tlic  bottle  in  figure  5 
and  bears  a  file  mark  for  the  zero  point.  Still  better,  the  large 
tube  may  be  graduated  in  cubic  centimeters,  thus  making  the 
reading  of  small  losses  possible.  The  bottle  is  filled  through  this 
tube  by  use  of  a  small  funnel.  This  arrangement  is  shown  in  a 
diagram  of  the  atmometer  furnished  by  the  writer,  for  publica- 
tion by  D.  T.  MacDougal.=2  xhe  same  arrangement  is  shown 
in  Shive's  diagram,  about  to  be  mentioned,  which  is  here  repro- 
duced, with  its  author's  kind  permission,  as  figure  7. 

Shive"  has  recently  greatly  improved  the  details  of  the  non- 
absorbing  mounting  so  that  no  extra  support  is  necessary  anil  both 
mercury  valves  (as  bulbed  glass  tubes)  are  brought  to  lie  within 
the  reservoir.  The  Shive  arrangement  seems  practically  pei-- 
fect.  It  is  shown  in  figure  8,  which  is  self-explanatory.  It  is 
to  be  noted  that  the  suction  tube  ho'e  projects  to  the  outside, 
through  the  cork  stopper,  far  enough  for  the  attachment  of  a  rub- 
ber tube.     Only  mercury  enough  to  give  a  column  about  3  cm. 

2=  MacDougal,  D.  'P.,  The  measure  ot  environic  faclois  ami  llunr  biologic 
effects.  Pop.  .Sci.  Monthly  84:  417-4.33,  1914.  The  cliajji-am  hero  mentioned  is 
on  page  421,  and  was  unjortunalely  inverted  by  mistake.  It  represents  a  spher- 
ical porous  cup. 

"  Shivc,  ,1.  W. 
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ill  l(>ngtli  ill  the  undilated  tube  should  be  placed  in  the  bulb 
of  each  valve. 

The  tests  carried  out  by  Harvey  (he.  cit.)  showed  that  it  is 
easily  possible  to  arrange  the  mercurj'  valves  so  that  a  cup  30  cm. 
above  the  water  level  will  need  to  absorb  no  more  than  about 
0.01  cc.  in  order  to  stop  water  movement  into  the  reservoir. 
AYith  such  an  instrument,  each  time  the  valves  are  operated,  as 
with  the  beginning  of  rain,  0.01  cc.  of  water  is  injected  into  the 
reservoir  and  when  evaporation  recommences  this  amount  must 
be  lost  before  the  true  record  is  taken  up  again.  Thus,  for  every 
complete  reversal  of  the  valves  a  minus  error  is  introduced 
amounting  to  only  about  0.01  cc.  This  is  quite  negligible,  and 
it  must  seldom  happen  that  enough  Reversals  occur  in  a  period  of 
operation  to  make  the  error  considerable  even  in  the  aggregate. 

Another  error,  also  negligible,  may  be  introduced  by  amounts 
of  absorption  too  small  to  operate  the  valves.  It  may  be  sup- 
posed, for  exami)Ie,  that  a  gentle  shower,  driven  by  wind,  may 
wet  one  side  of  the  cup  so  as  to  produce  some  absorption,  while 
evaporation  equalling  or  exceeding  the  amount  of  absorption  may 
still  be  in  jirogress  on  the  leeward  side.  In  such  a  case  the  final 
reading,  or  a])parent  loss  for  the  period,  would  be  less  than  the 
actual  loss  bj-  the  amount  of  water  actually  absorbed  by  the  cup. 
If  such  conditions  were  long  continued  this  kind  of  error  might 
amount  to  more  than  that  usually  resulting  from  several  complete 
reversals  of  the  valves.  For  this  diffi(!ulty  no  remedy  can  be  sug- 
gested, other  than  that  several  cups  as  operated  simultaneously 
on  tlie  same  pair  of  valves  and  reservoir  (to  increase  the  actual 
rate  of  water  loss)  and  that  tubes  of  extremely  small  bore  be 
employed  in  the  valves  By  this  procedure  the  possible  error 
may  be  reduced  indefinitely. 

The  non-absorbing  mounting  should  always  be  used  for  out- 
door work;  if  observations  are  worth  the  trouble  of  making  they 
should  surely  just'fy  the  slightly  increased  cost  of  operating 
this  form  of  instrument.  The  futility  of  making  records  from  the 
absorbing  form,  when  operated  in  times  of  much  rain,  is  well 
shown  b}'  the  study  carried  out  by  Brown-^  in  Jamaica. 

-'  Brown,  W.  H.,  Evaiioration  and  plant  habitats  in  Jamaica.  Plant  World 
13:268-272,  1910. 
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Height  of  Cups  above  Reservoir.  The  influence  exerted  bj-  the 
he'ght  of  the  water  coKimn  above  the  porous  cup,  upon  the  rate 
of  absorption  during  showers,  is  very  pronounced  unless  the 
non-absorbing  mounting  is  used,  as  has  been  shown,  and  an 
appreciation  of  this  influence  gives  rise  to  the  question  what 
may  be  the  relation  of  this  height  to  the  rate  of  evaporational 
water  loss?  This  is  an  important -matter,  for  the  cups  are  oper- 
ated at  various  levels  and  it  is  not  always  convenient  for  the 
reservoir  to  be  immediately  beneath.  Furthermore,  as  evapo- 
ration jjroceeds  and  the  water  level  in  the  reservoir  is  lowered, 
the  height  of  the  water  column  in  question  is  of  course  increased. 
Especially  is  this  true  when  a  burette  or  other  tall  and  slender 
container  serves  as  reservoir. 

The  question  here  raised  is  important  but  its  answer  is  simple; 
there  is  no  appreciable  relation  between  the  rate  of  evaporq,tion 
from  a  porous  cup  and  the  height  of  the  water  column  below  it. 
On  theoretical  grounds,  the  higher  the  cup  above  the  reservoir 
the  more  concave  should  become  the  verj'^  small  water-air  menisci 
closing  the  pores  of  the  wall.  It  should  follow  then  thatthe  vapor 
tension  of  these  water  surfaces  must  be  decreased,  and  the  rate  of 
evaporation  should  also  fall.  The  fact,  however,  is  as  above  stated 
and  the  thinker  is  left,  as  frequently,  to  make  hypotheses  to 
explain  it.  It  seems  probable  that  the  reason  wlw  no  influence 
of  the  height  of  the  water  column  is  demonstrable  is  this:  that  the 
alteration  induced  in  the  films,  and  hence  in  the  evaporation 
rate,  by  as  great  a  change  in  column  height  as  is  ordinarily  po.s- 
sible,  is  too  small  to  be  detected  by  ordinary  methods. 

It  was  first  experimentally  shown  that  variations  in  colunm 
height  of  upwards  of  a  meter  were  quite  without  influence  on  the 
rate  of  water  loss  from  the  cup.^^  Afterwards  variations  of 
about  two  meters  were  tested,  with  the  same  result.  But  the 
most  conclusive  proof  of  the  proposition  before  us  was  obtained 
by  Mrs.  Edith  B;  Shreve,  working  in  the  writer's  laboratory,  at 
Baltimore.  Cups  of  the  ordinary  form  were  mounted  on  small- 
bore gla,ss  tubes  about  a  meter  in  length,  and  the  lower  end  of 
each  tube  was  allowed  to  dip  beneath  the  surface  of  mercury  in 

"  Livinfjsloii,  loc.  cil.,  lOOII.     PaRO  27. 


104  BUHTON    EDWARD    LniNGSTON 

a  .suitable  vessel.  As  evaporation  went  on  mercury  rose  in  the 
tube,  following  the  receding  water  column.  It  is  easily  possible 
thus  to  obtain  a  mercurj'  column  over  (iO  cm.  in  height.  It 
was  conclusively  shown  that  the  rate  of  evaporation  is  not 
appreciably  less  with  such  a  mercury  column  than  it  is  with  only 
the  usual  water  column.  Such  being  the  case  the  question  of  the 
influence  of  height  of  cup  above  reservoir,  as  far  as  the  operation 
of  the  atmometer  is  concerned,  may  be  dismissed. 

The  Inflitcnce  of  Air  in  the  Cup.  If  air  bubbles  enter  the  cup 
they  must  either  remain  there  or  i)ass  out  by  dissolving  and 
diffusing  through  the  water  of  the  cup  wall.  To  remove  such  air, 
the  cup  is  removed  and  refille<l,  in  the  case  of  the  absorbing 
form;  or  strong  and  intermittent  suction  is  applied  to  the  lateral 
tube,  with  the  non-absorbing  form. 

The  most  obvious  effect  produced  by  air  in  the  cup  is  the 
A-ariable  erroi-  caused  by  the  thermometer  and  l)arometer  action 
of  this  air.  It  is  to  be  remembered  that  such  a  body  of  gas  is 
subjected  to  less  than  atmospheric  pressure  and  that  barometric 
and  temperature  changes  in  the  surroundings  will  produce  corre- 
sponding changes  in  the  gas  volume,  much  more  pronounced 
changes  than  these  similarly  produced  in  the  liquid.  These 
changes,  transmitted  to  the  reservoir,  are  the  sources  of  error 
here  in  view. 

Another  effect  of  air  arises  from  the  fact  that  such  a  mass 
of  gas,  lying  at  the  top  of  the  atmometer  cup,  prevents  free 
contact  of  the  porcelain  wail  with  the  internal  water  at  that  point. 
In  so  far  as  this  occurs  it  is  clear  that  the  renewal  of  water  in  that 
part  of  the  porous  wall  thus  cut  off  from  direct  supply,  must 
occur  by  lateral  or  longitudinal  movement  through  the  wall. 
"1  hus  th(>  jiortion  of  the  porous  ])orcelain  which  is  on  both  sides 
in  contact  with  gas  must  operate  quite  as  does  the  disk  or  cylinder 
of  the  paper  atmometer  already  discussed.  This  being  the  case, 
the  same  sort  of  diflficulty  is  conceivable  here  as  occurs  with  the 
paper  form  when  the  paper  is  large  and  the  evaporation  intense; 
that  is,  water  ma>'  be  removed  from  the  outer  surface  of  the  air- 
protected  portions  of  the  porous  wall  at  a  rate  faster  than  it  can 
be   supplied   by    cajiillary    nio\-ement    from    adjacent,    directly 
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absorbing  regions.  Should  this  occur,  it  is  clear  that  the  nature 
of  the  evaporating  surface  would  be  profoundly  altered,  through 
changed  water  content  of  the  porous  porcelain  at  the  affected 
place.  Furthermore,  if  this  drying-out  of  the  cup  wall  proceeds 
far  enough  it  may  finally  remove  some  portion  of  the  water 
menisci  which  prevent  the  entrance  of  gaseous  air,  and  the  cup 
and  tube  must  soon  become  emptied  of  water,  all  the  unim- 
bibed  liquid  escaping  to  the  reservoir. 

Whether  any  error  in  reading  may  arise  from  air  in  the  cup 
depends  upon  the  amount  of  air  thus  present  and  upon  the  at- 
mospheric evaporating  power  at  the  time.  With  low  evapora- 
tion rates  longitudinal  water  movement  through  the  affected 
part  of  the  wall  may  suffice  to  keep  it  normally  saturated.  With 
a  given  rate  of  water  loss  there  must  be  a  limit  of  size  to  which, 
but  not  beyond  which,  the  air  mass  in  the  cup  may  be  increased. 
In  the  ]5ractical  operation  of  the  instrument,  undissolved  air 
should  not  be  allowed  to  enter  the  cup.  While  small  gas  bubbles 
are  undoubtedly  harmless,  yet  it  is  the  only  safe  procedure  always 
to  keep  these  as  small  as  possible  or  entirely  absent. 

Operation  of  (lie  Porous  Cup  Atmometer 

Cleanliness.  The  most  important  point  to  be  remembered  in 
the  operation  of  porous  cup  atmometers  is  that  thoy  should  be 
kept  as  clean  and  free  from  extraneous  material  as  possible. 
This  proposition  leads,  first  to  the  use  of  nothing  but  good 
distilled  water.  M'ith  impure  water  trouble  is  sure  to  occur.  In 
handling  the  cups  they  should  never  come  in  contact  with  the 
hands  excepting  on  the  shellacked  or  glazed  portion. 

If  atmometers  are  to  be  operated  near  to  the  soil  surface,  the 
danger  of  injury  from  dust  and  from  mud  thrown  upon  the  cups 
bj'  rain  is  greatly  increased.  If  the  soil  about  the  instrument 
is  covered,  as  by  stones  or  vegetation,  this  danger  is  largely 
avoided  To  i-emove  dust,  insects,  etc.,  frequent  washing  of  the 
cup  is  advisa,ble,  rubbing  it  gently  with  a  soft  sponge  and  plenty 
of  distilled  water.  In  the  case  of  shellacked  cups  the  rubljing 
should  be  downward,  to  avoid  transferring  the  sliglitly  soluble 
shellac  to  the  jjorous  surface.     With  the  glazed  cups  this  cleaning 
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may  b(>   more  thorough.      A  tooth-brush  serves  verj'  well  for 
the  hitter  but  the  softer  cups  are  to  be  treated  more  carefully. 

In  moist  situations  moulds  and  algae  frequently  appear  on 
the  cups  after  a  time.  These  may  be  removed  bj'  washing  with 
strong  alcohol  and  a  sponge  or  cloth.  As  soon  as  a  colony  is 
detected,  it  should  thus  be  destroyed,  but  great  care  should  be 
exercised  to  prevent  the  alcohol  touching  the  shellacked  surface, 
shellac  being  readily  soluble  in  alcohol ;  with  cups  having  a  glazed 
base  no  danger  need  be  feared  in  this  connection. 

Since  accidents  of  various  kinds  are  not  to  be  entirelj-  avoided, 
it  is  well,  where  i)ossible,  to  operate  the  instraments  in  duplicate 
or  in  triplicate,  the  cups  being  so  placed  as  to  have  as  nearly  the 
same  exposure  as  possible.  Ordinarilj-  the  average  of  the  two 
or  three  coijrected  readings  is  taken  as  the  measure  for  the 
period,  but  a  reading  is  discarded  when  it  is  obvious  that  some 
misfortune  has  befallen  the  corresponding  cup. 

Restandardization  (see  the  next  section)  may  be  avoided  by 
using  two  instruments  exposed  about  a  meter  apart  and  replac- 
ing one  of  them  at  a  time  with  an  unused  cup  of  known  co- 
efficient. The  first  one  or  two  periods  of  operation  after  such 
replacement  (if  not  too  long)  may  be  considered  as  restandardi- 
zation periods  for  the  cup  longest  in  operation. 

Restandardization.  Even  with  all  possible  precautions,  the 
coefficients  of  correction  are  apt  to  become  altered  through 
changes  in  the  effective  evai)orating  surface  of  the  cup.  It  is 
therefore  requisite  that  each  cup  be  frequently  restandardized. 
By  this  means  changes  in  the  magnitude  of  the  coefficient  may 
be  detected  and  allowed  for.  It  has  usually  been  found  ade- 
quate to  restandardize  each  cup  after  from  two  to  four  weeks 
of  operation  in  the  open.  Since  it  requires  some  time  for 
this  restandardization,  the  record  is  kept  continuous  by  re- 
placing the  cup  wiiich  is  to  be  restandardized  by  another  stand- 
ardized cup.  During  the  following  period  of  from  two  to  four 
weeks  the  first  cup  is  restandardized  and  is  ready  to  return  to 
operation  when  the  second  comes  away. 

It  is  to  be  borne  in  mind  that  the  purpose  of  the  restandardi- 
zation is  to  determine  the  coefficient  of  correction  of  the  cup  ai 
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the  time  when  it  ceased  operating.  It  is  therefore  very  essential 
that  the  evaporating  surface  be  not  allowed  to  alter  between  the 
time  when  the  cup  is  removed  from  operation  and  that  at  which 
it  is  restandardized.  Cups  to  be  restandardized  should  be 
dried,  carefully  wrapped  in  clean  paper,  and  stored  in  a  dry  place 
until  they  can  be  restandardized. 

If  restandarchzation  is  to  be  attempted  by  the  user  of  the 
instrument,  it  is  absolutely  essential  that  there  be  at  hand  a 
cup  of  known  coefficient,  of  the  same  form  as  those  to  be  re- 
standardized. This  cup  must  never  have  been  used  since  it  came 
from  its  own  standardization,  having  been  kept  dry  and  prop- 
erly wrapped  meanwliile.  .A.11  other  methods  of  standardization, 
excepting  by  means  of  such  a  cup,  have  proved  unsatisfactory. 
If  possible,  the  restandardization  should  be  performed  by  means 
of  a  rotating  table,  preferably  indoors  with  an  electric  fan  to 
increase  the  rate  of  evaporation.  The  operation  is  the  same 
as  that  already  described.  After  restandardization  the  cups  are 
air  dried  before  being  wrapped  for  preservation. 

Where  a  rotating  table  is  not  available,  the  cups  may  be 
standardized  by  placing  them  (with  the  cup  of  known  coefficient) 
in  the  open,  in  a  place  where  all  will  receive  equal  exposure  to 
sun  and  wind  and  where  they  will  be  as  free  from  dust  as  pos- 
sible. Rain  falling  upon  them  vitiates  the  results,  and  may 
alter  cups  which  have  easily  removable  material  adhering  to  the 
outer  surface.  It  is  best  not  to  allow  rain  to  fall  upon  the  cups 
during  standardization. 

Cups  may  also  be  standardized  indoors,  though  not  satisfac- 
torily, by  arranging  them  about  50  cm.  apart  in  each  direction, 
in  a  room  which  receives  no  direct  sunshine  and  in  which  the  air 
conditions  are  as  nearly  equable  as  possible.  The  group  of  in- 
struments should  be  in  the  center  of  the  room,  not  in  the  vicinity 
of  furniture  or  other  objects,  and  the  room  is  to  be  kept  closed 
to  avoid  drafts.  A  small  group  may  be  placed  near  the  center 
of  a  large  table,  but  it  is  not  desirable  to  have  any  cups  near 
vertical  air  currents  such  as  occur  about  the  margin  of  a  table; 
it  is  better  to  place  the  instruments  on  the  floor.  No  prevent- 
able air  movement  is  to  be  allowed;  it  would  surely  affect  the 
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different  cups  unequall\-.  It  is  far  better  to  employ  a  rotating 
table  which  insures  the  same  treatment  to  all  cups  of  the  group 
and  avoids,  at  a  single  stroke,  most  of  the  difficulties  of  atmos- 
pher  c  conditions. 

In  restandardizing,  the  cups  are  operated  for  one  period  (10 
to  48  hours,  according  to  amount  of  water  loss,  which  should  be 
great  enough  to  read  with  small  percentage  of  error,  say  25  cc. 
as  a  minimum  loss) ,  and  the  respective  coefficients  are  calculated 
as  already  d(>sci-ihed.     The  reading  of  the  cup   of  known  co- 
efficient is  multiplied  by  its  coefficient,  and  the  resulting  standard 
reading  is  then  divided  by  the  actual  reading  of  the  cup  to  be 
standardized,     ^rhe  quotient  is  the  retjuired  coefficient  of  the 
last-named  cup.     If  these  agree  (within  0.04  and  0.05)  with  the 
corresponding  original  coefficients,  the  operation  of  the  cups  is 
discontinued,  and  they  are  dried  and  wrapped,  being  now  given 
the  newly  determined  coefficient.     If  the  new  coefficient  does  not 
thus  nearly  agree  with  the  old,  the  operation  is  continued  for  a 
second  period.     If,  now,  the  second  new  coefficients  agree  with 
the  first  new  coefficients    (within   0.04   or   0.05),    the   average 
of  the  two  new  coefficients  is  taken  as  the  new  coefficient  to  be 
used.     If  agreement  for  any  cup  is  not  satisfactory,  the  opera- 
tion is  continued  until  a  satisfactory  average  new  coefficient  is 
ol)tained,  or  until  the  cu])  proves  itself  incapable  of  restandard- 
ization,    by   showing   continued  fluctuations   in   the   coefficient 
\-alue.     Four  or  five  periods,  at  the  most,  should  always  suffice. 
Renovation.     Cups  that  prove  incapable  of  restandardization, 
or  appear  too  much  soiled  for  further  use,  and  those  which  have 
developed  a  coefficient  which  is  greater  than  0.80  or  less  than  0.60 
(for  8  cm.  cups)  and  have  therefore  become  suspicious,  should  be 
renovated  or  discarded.     Cups  may  usually  be  brought  back  to 
a  condition  as  satisfactory  as  that  of  new  ones,  by  carefully  scrap- 
ing the  whole  of  the  porous  surface  with  freshly  broken  glass 
and  then  smoothing  by  means  of  sandpaper.    After  this  treat- 
ment they  usually  give  perfectly  satisfactory    non-fluctuating 
coefficients,  somewhat  different,  however  from  the  corresponding 
original  ones.    The  insoluble  cups  cannot  be  so  treated,  but  they 
may  be  heated  to  a  glowing  condition  to  remove  organic  matter, 
and  then  washed  with  acid,  etc.,  to  remove  salts. 
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Records  and  the  Correction  of  Readings.  Atmometer  records 
should  be  kept  in  such  a  way  that  the  cup  number  and  the  original 
coefficient  are  always  available  with  the  record  of  readings.  After 
restandardization  the  proper  coefficient  for  each  period  of  opera- 
tion is  inserted  and  the  requisite  correction  is  made  in  each  case. 
If,  after  operation,  a  cup  exhibits  no  marked  change  (not  over 
0.03  or  0.04,)  in  its  coefficient,  the  average  of  the  original  and 
new  coefficients  (the  latter  from  restandardization)  is  taken 
as  the  coefficient  for  the  correction  of  all  readings  obtained 
from  that  cup  between  the  two  standardizations.  If,  however, 
the  coefficient  has  changed  appreciably  during  operation,  the 
various  readings  are  each  corrected  by  means  of  a  corresponding 
coefficient  interpolated  between  the  original  and  the  new  one. 
If  a  cup  shows  itself  incapable  of  restandardization,  th?  later 
readings  cannot  be  corrected  and  are  useless,  though  the  read- 
ings of  the  first  week  (or  thereabouts)  of  its  operation  may 
probably  be  corrected  by  means  of  the  original  coefficient. 

An  example  of  the  interpolation  of  coefficients  follows: 
Suppose  the  original  coefficient  were  0.75  and  the  new  coefficient 
were  0.90,  and  suppose  that  the  cup  operated  four  weeks  and  \j 
read  weekly.  Let  the  series  of  weekly  readings  be  a,  b,  c,  nm 
It  may  be  assumed  that  the  original  coefficient  held  for  the  fir 
week  and  that  the  coefficient  gradually  and  uniformly  altered 
during  the  remainder  of  the  time.  Now,  0.90  -  0.75  =  0.15, 
the  amount  of  change  in  three  weeks,  from  which  we  deduce  that 
the  coefficients  to  be  used  for  correcting  the  readings  a,  h,  r, 
and  d  arc  aiiiiroximately  0.75,  0.80,  0.85,  and  0.90,  and  the  cor- 
rected readings  l)ecome  0.75«,  0.805,  0.85r,  and  0.9(W.  This  meth- 
od possesses  far  lower  probability  of  error,  in  such  a  case  than 
would  the  method  by  which  the  mean  of  0.75  and  0.90  (0.825) 
is  applied  throughout  the  scries.  When  instruments  arc  oper- 
ated in  duplicate  or  in  triplicate,  there  is  usually  available  more 
or  less  definite  evidence  as  to  whether  a  change  in  one  of  the 
cups  was  gradvial  or  rapid,  etc. 

The  Inter /jrctal ion  of  A  linometer  Readings.  From  what  has  been 
said  in  the  preceding  discussions  it  appears  that  the  thing  aimed 
at  in  atmometric  studies  is  a  measure  of  the  power  of  the  air  sur- 


lent^ 

i 


con 
Ina 


110  in-RTON    EDWARD    I.! VIXGSTON 

rounding  the  instrument  to  remove  wj^ter  vapor  from  a  specified 
surface  exposed  in  a  specified  way.  Evapf)ration  data  cannot  be 
interpreted,  then,  excepting  in  terms  of  the  i)articular  form,  size, 
etc.,  of  instrument  that  is  used. 

This  feature  has  given  rise  to  considerable  misunderstanding 
in  regard  to  the  various  instruments  and  the  value  of  their  read- 
ings. It  has  frequently  been  thought,  for  example,  that  .several 
jjorous  cu])  atmometers  operated  at  different  places  show  the 
comparative  rates  of  transpiration  of  plants .  growing  in  the 
vicinity  of  the  respective  instruments.  While  this  conclusion 
may  sometimes  be  approximately  true,  it  does  not  necess&rily  fol- 
low at  all.  In  order  that  this  may  be  true  it  would  be  necessarj' 
that  the  plants  expose  surfaces  for  evaporation  having  always 
the  s^nc  properties  as  the  surfaces  of  the  instruments,  and  that 
instruments  and  i)Iants  be  similarly  exposed  As  a  matter  of 
fact,  we  know  that  plant  surfaces  are  continually  altering  in  their 
transpiring  power-'*  and  that  they  are  not  the  same  from  hour  to 
hour  and  from  day  to  day.  Since  the  atmometer  surface  remains 
constantly  of  the  same  water-supplying  power  (if  this  is  not 
)roximately  true  or  cannot  be  assumed  after  the  corrections 
e  been  made,  it  is  useless  as  an  atmometer),  it  is  clear  enough 
Tat  actual  plant  transpiration  cannot  be  calculated  from  at- 
mometric  data  alone. 

On  the  other  hand,  the  e.xposure,  surface,  etc.,  of  the  porous 
cup  atmometer  are  so  nearly  similar  to  the  corresponding  fea- 
tures of  plants  in  general,  that  the  instrument  offers  the  only 
means  so  far  available  for  studying  the  evaporalinq  -power  of  the 
air  as  it  generally  affects  the  rate  of  plant  transpiration.  Atmom- 
eters are  employed  in  this  connection  to  measure  an  environmental 
condition  and  their  readings  are  indices  of  the  power  of  the  air 

-"Livingston,  B.  K.,  and  Brown,  W.  II..  Relation  of  the  daily  march  of  trans- 
piration to  variations  in  tho  water  content  of  foliage  leaves.  Bot.  Gaz.  63:  309- 
330,  1912. 

Livingston,  loc.  cU.,  19U(). 

The  resistance  offered  by  leaves  to  transpirational  water  loss.     Plant 

World  16:  1-.35,  1913. 

Bakke,  .\.  L.,  Studies  on  the  transiiiring  power  of  )>lants  as  indicated  by 
the  method  of  standardized  hygrometric  jjapcr.     .lour.  Ecol.  2:  145-173,  1913. 
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to  do  work  in  promoting  the  vaporization  of  water  from  the 
atmometer  surface.  In  so  far  as  the  surface  exposed  by  the 
instrument  is  Uke  that  exposed  by  plants,  and  in  so  far  as  the  ex- 
posure is  the  same  in  the  two  cases,  the  readings  are  indices  of 
the  power  of  the  air  to  remove  water  from  unchanging  plant 
surfaces.  From  the  work  that  has  so  far  been  done  in  this  new 
line  of  study,  it  appears  that  the  porous  cup  instrimient  does, 
indeed,  rather  closely  approximate  the  exposure,  etc.,  of  plants 
in  general,  so  that  the  atmospheric  evaporating  powers  to  which 
plants  in  different  habitats  or  at  different  times  are  exposed  can 
be  approximateh'  measured  and  compared  by  this  means.  No 
doubt  special  problems  will  require  special  forms  of  atmometer, 
as  has  been  indicated. 

{To  be  continued.) 


THE    FLORA   OF   THE   WILLIAMS   DIVISION    OF    THE 
TUSAYAN  NATIONAL  FOREST,  ARIZONA 

A.  D.  READ 

Forest  Service,  Albuquerque,  New  Mexico 

The  Tusayan  National  Forest  lies  on  the  extreme  edge  of  the 
Colorado  Plateau  in  northern  Arizona,  west  of  Flagstaff  and 
south  of  the  Grand  Canon.  The  lowest  portion  of  the  Forest 
is  about  5000  feet  in  elevation,  Ijdng  just  below  the  edge  of  the 
Plateau,  and  the  highest  portions  are  the  summits  of  Bill  Wil- 
liams, Sitgreaves  and  Kendrick  Peaks,  which  rise  to  the  vicinitj- 
of  10,000  feet.  The  major  portion  of  the  Forest  is  comprised 
in  the  rolling  surface  of  the  Plateau,  lying  between  6500  and 
SOOO  feet.  By  reason  of  its  diversity  of  topography  and  range 
of  elevations  the  Tusayan  Forest  comprises  four  life  zones,  the 

Upper  Sonoran,  Transition,  Canadian,  and  Hudsonian. 
1 

UPPER  SONORAN 

This  zone  occurs  at  elevations  of  5000  to  7000  feet  and  con- 
tains three  main  types;  woodland,  the  tree  species  of  which 
consist  almost  entirely  of  pinon  {Pinus  edulis)  and  juniper 
(Jwiiperus  monosperma),  brush  areas  covered  chiefly  with  shin 
oak  {Qucrcus  grisea),  and  parks  or  treeless  areas  supporting 
grasses  and  weeds. 

Probably  50'^'p  of  the  herl^aceous  vegetation  in  this  zone  is 
blue  grama  {Bouteloua  oUcjostachya) .  Some  sideoats  grama  {B. 
curtijxndula)  grows  on  the  rock}'  south  slopes'.  A  three-awn 
grass,  Aristida  arizonica,  is  quite  noticeable  because  of  its  long 
reddish  purple  awns  or  beards.  Snakeweed  (Guticrrezia  spp.), 
rabbit  bush  {(Vinjsothamnus  spp.)  and  pingue  {Hymenoxys 
floribunda)  are  abundant,  growing  usually  in  pure  stands  in  the 
open  where  thoy  cover  many  acres  to  the  exclusion  of  other 
species.     Snakeweed  and  rabbit  bush  are  worthless,  being  un- 
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palatable  to  stock.     Pingue  is  poisonous  to  sheep  but  luckily 
thej'  do  not  eat  it  when  other  forage  can  be  obtained. 

The  brush  areas  are  found  at  the  lower  altitudes,  along  the 
Mogollon  Rim,  often  growing  in  dense  clumps  with  a  few  scat- 
tering grasses  and  weeds  underneath  them.  Shin  oak  (Quercus 
grisea),  manzanita  (Arctostapliylos  imngens),  Apache  plume 
(FaUngia    paraildxn).    skunk    Inish    (Rhus    frilohata),    Ceanothus 


Fig;.   1.     Transition  2iono.     .\n  opt"n  stiiml  of  mature  I'm  us  i>uiiilciosfi. 

greggii  and  Eriogonum  spp.  are  the  most  connnon  shrubs.  Since 
most  of  the  shrub  or  "browse"  species  are  palatable  to  stock 
these  areas  are  highly  esteemed  by  stockmen. 

The  line  of  demarcation  between  tlie  woodland  and  jiark  types 
is  often  indefinilc  liccausc  of  tlic  scattering  growth  of  wood- 
land trees.  The  lierbaceous  species  common  to  the  woodland 
are  found  in  the  parks. 

The  minor  characteristic  species  of  tl>e  I'pper  Sonoran  zone 
arc  .\gropyron  smithii.  Muhlenhergia  wrighlii,  Koeleria  cristata, 
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Sitanion  pubiflm'um,  Gymnolomia  viultiflora,  Psoralea  tenuiflora, 
Helianthus  letitindari.s,  Opuntin  spp.,  Stachys  sp.,  Tetradymia 
canesccJis,  and  numerous  species  of  Aster. 

TRANSITION'  ZONE 

For  all  practical  purposes  this  zone  may  be  considered  as 
coincident  with  the  yellow  pine  (Pt7vus  pondcrosn)  type  of  forest. 
Having  an  elevation  of  7000  to  iSoOO  feet,  with  many  springs  and 
seeps  scattered  through  it,  and  a  rainfall  of  15  to  25  inches,  none 
of  the  desert  plants  api)ear. 

The  predominating  trees  are  yellow  pine  with  some  red  fir 
{Pseudotsuga  taxifolia)  and  balsam  (Abies  concolor)  on  the 
higher  north  slopes.  Considei-able  Gambel  oak  (Quercus  gam- 
belii)  grows  under  the  pines  while  on  many  of  the  north  slopes 
there  is  a  dense  understory  of  locust  (Robinia  neo-viexicana) . 
Scattering  willows  (Salix  spp.)  occur  along  the  streams.  Moun- 
tain bunch  grass  (Festuca  arizonica),  pine  grass  (Muhlcnhergia 
gracilis),  and  beardless  pine  grass  {Blepharineuron  tricholepis) 
are  the  most  common  grasses.  "Lupine  (Lupinus  hillii),  and 
species  of  Geranium,  Poientilla,  and  Casiilleja  are  noticeable 
weeds.  One  of  the  most  poisonous  of  the  loco  weeds — rattle  pod 
{Aragallus  lainbertii) — is  found  here  growing  generallj^  on  north 
slopes.  Other  characteristic  species  are  Festuca  arizonica,  An- 
dropogan  scoparius,  Bouteloua  oligostachya,  Epicampes  rigens, 
Sitanion  spp.,  Sporobolus  interruptus,  and  S.  confusus,  Arislida 
arizonica,  Calochortus  gunnisonii,  Erythrocoma  arizonica,  Vicia 
spp.,  Monarda  stricta,  Ceanothus  fendleri,  Symphoricarpos  oreo- 
phiJus,  Aster  spp.,  Erigeron  spp.,  Iris  rnissouriensis,  Senecio  spp., 
and  Tithymalus  monlamis. 

CANADIAN  ZONE 

The  Canadian  Zone  lies  on  the  upper  slopes  of  Bill  Williams, 
Sitgreaves  and  Kendrick  IMountains  which  are  9000  to  10,000 
feet  above  sea  level.  Red  fir  {Pseudotsuga  taxifolia),  balsam 
{Abies  concolor),  spruce  {Picea  engelmanni),  aspen  {Populus 
tremuloides) ,  and  white  pine   {Pinus  flexilis)   are  the  principal 
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trees.  On  some  of  the  north  slopes  the  spruce  grows  so  densely 
as  to  exclude  almost  all  other  vegetation.  Reproduction  of 
all  tree  species  is  very  thick  throughout  the  entire  zone.     Be- 


Kig.  2.    Transition  Zone.     X  heavy  stand  of  Arislida  arizonica  iu  the  fore- 
ground under  Pinna  ponderosa. 

cause  of  the  dense  shade  here  there  is  less  grass  than  in  the 
lower  zones;  both  in  species  and  quantity.  An  exception  is 
found  on  the  bald  knolls  and  in  the  few  small  parks  where  bunch 
grass  (Festuca  arizonica)  grows  luxuriantly.  Several  sjiecies  of 
brnmus  grow  well  here.     I'oa   spp.,   Mdica  parviflora,   Festuca 
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oifina  pseudovina,   Grossularia  -pinetorum,   Cedronella   mexicann, 
and  Sorbus  dumosa,  are  also  seen  here,  growing  sca^teringly. 

HUDSOXIAX  ZOXK 

A  small  area  at  the  top  of  Kcndrick  Alouiitaiii,  elevation 
10,000  feet  is  the  only  example  of  this  zone  on  the  Tusayan 
Forest.  The  tree  species  are  spruce  {Picea  engelmanni)  and 
cork  bark  fir  (Abies  arizonica).  A  large  amount  of  pipsissewa 
{Chininphila  umbellala)  and  some  of  the  Canadian  zone  species 
grow  here. 

Following  is  a  check  list  of  some  of  the  species  growing  in 
tliis  part  of  the  Tusayan  Forest.  Although  it  is  only  a  par- 
tial list  it  is  thought  that  most  of  the  species  growing  there  are 
enumerated. 

Most  of  the  shi'ubl)y  anil  herbaceous  plants  were  identified 
at  the  National  Herbarium  at  Washington,  D.  C.  The  nomen- 
clature of  the  "Manual  of  Rocky  Mountain  Botany"  by  Coulter 
and  Nelson  is  used  wherever  possible  for  shrubs  and  herbaceous 
plants;  Sargent's  "Manual  of  the  Trees  of  North  America"  is 
followed  in  naming  the  trees. 

POLYPODIACEAE 

Pleridium  aquilinum  var.  pubcscens  Underw.  Hrako 

PiNACEAE 

Piinis  ponderosa  Laws.  Yellow  pino 

Pinus  flexilis  James  Limber  pine 

Pinus  edulis  Engelm.  Pinon 

Picea  engelmanni  (Parry)  Engelm.  Englemann  spruce 

Abies  concolor  (Gord.)  Parry  Balsam,  White  fir 

Abies  arizonica  Merriam  Cork  bark  fir 

Pseudolsuga  laxifolia  (Lam.)  Britton  Red  fir 

Cupressus  arizonica  Greene  Cypress,  Yew 

Juniperus  pachyphloea  Torr.  Alligator  bark  juniper 

Juniperus  monosperma  (Engelm.)  Sarg.  One-soed  juniper 

Juniperus  scoptdorum  Sarg.  Cetlar 

Juniperus  communis  L.  Ground  hemlock 
Gnetaceae 

Ephredra  antisyphililira  S.  Wats.  Mormon  tea 

(iHAMINEAE 

Andropogon  scoparius  Mickx.  Small  feather  grass 

Sorghaslru7n  nutans  (L.)  Nash 
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Hilaria  jainesii  (Torr.)  Benth. 

Hilaria  cenchroides  H.  B.  K. 

Echinochloa  crus-galli  (L.)  Beauv. 

Panicum  virgatum  L. 

Panicum  obtusum  H.  B.  K. 

Panicum  bulbosiim  H.  B.  K. 

Panicum  barbipulvinalum  Nash 

*Chaetochloa  viridis  Seribn.' 

Arislida  fendleriana  Stcud. 

Arislida  arizonica  Vasey 

Slipa  pringlei  Scribn. 

Stipa  Iweedyi  Scribn. 

Oryzupsis  micranlha  (T.  &  R.)  Tliurber 

Muhlenbergia  pauciflora  Vasey 

Muhlenbergia  gracilis  Trin. 

Muhlenbergia  vaseyana  Scribn. 

Muhlenbergia  wrightii  Vasey 

Muhlenbergia  gracillima  Torr. 

Muhlenbergia  squarrosa  (Trin.)  Rydb. 

Epicampes  rigens  Benth. 

Alopecurus  geniculalus  L. 

Alopecurus  fulvus  J.  E.  Smith 

Sporobohcs  confusus  (Fourn.)  Vasey 

Sporobohis  inlerrupius  Vasey 

Sporobolus  cryptandrus  (Torr.)  Gray 

Blepliarineuron  tricholepis  (Torr.)  Nash 

Polypogon  mouspeliensis  (L.)  Desf. 

Agroslis  hiemalis  (Walt.)  B.  S.  P. 

Agrostis  exarata  Coult. 

Agrostis  alba  L. 

Schedonnardus  paniculatus  (Nutt.)  Trel. 

Boutcloua  eriopoda  Torr. 

Boutclona  oligostachya  (Nutt.)  Torr. 

Boutelnua  proslrala  Late  grama. 

Bouleloua  curtipendula  (Michx.)  Torr. 

Koeleria  cristata  (L.)  Pers. 

Melica  parviflora  (Porter)  Scribn. 

*Poa  pralensis  L. 

Poa  fendleriana  (Steud.)  Vasey 

Glyceria  borealis  (Nash)  A.  Nels. 

Fesluca  ocloflora  hirlella  Piper 

Fe.tluca  ovina  pseudovina  Hack. 

Fesluca  arizonica  Vasey 

Brumus  subvclutinus  Shear 

Brnmus  porlcri  (Coult.)  Nash 

Bromus  richardsouii  Link. 


Galleta 

Curly  mesquite 
Slough  grass 
Switch  grass 
Vine  mesquite 

Fuzzj-  six-weeks  grass 

Foxtail 

Small  three-lawn  grass 

Curh'  three-lawn  grass 

Needle  grass 
Mountain  rice 

Pine  grass 

Broadleaf  bunch  grass 

Wild  timothy 

Hair  grass 

Squaw  grass,  Salt  grass 

Deer  grass 

Swamp  timothy 

False  timothy 

Six-weeks  grass 

Black  sporobolus 

Sacaton 

Beardless  pine 'grass 

Beard  grass 

Tickle  grass 

Swamp  tickle  grass 

Red  top 

Oab  grass 

Wooly  foot  grama 

Blue  grama 

Prostrate  grama 

Side  oats  grama 

.Tunc  grass 

Kentucky  blue  grass 
Blue  grass 
Manna  grass 
Annual  fcstuca 
Sheep's  fescue 
Mountain  buncli  grass 
Bromus,  Wild  oats 
Bromus,  Wild  oats 
Bromus,  Wild  oats 


'  Species  indicated  by  *  arc  introduced. 
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Agropyron  smilhii  Rydb.  Bluestem 

Agropyron  pseudorepens  S.  &  S.  Bluestem 

Agropyron  ienerum  Vasey  Swamp  bluestem 

Ilordcum  pusillum  Nutt.  Dwarf  barley 

Uordeum  jubahmi  L.  Wild  barley 

Sitanion  longijulium  3.  G.  Smith 
SUanion  glahruyn  J.  G.  Smith 
Sitanion  moUc  J.  G.  Smith 
Cypekaceae 

Cyperux  fendlcrianus  Boeckl. 
Eleocharis  palustris  (L.)  R.  &  S. 
Carex  vidpinoidea  Michx. 
Carex  sp. 

JCNCACEAE 

Juncus  interior  Wieg. 
Juncus  mexicanua  Willd. 
Juncus  sp. 

LiLIACEAE 

Allium  ncomexicanum  Rydb. 
Calochortus  gunnisonii  S.  Wats. 
Yucca  radiosa  (Engelm.)  Trel.     ? 
Yucca  sp. 

Nolina  microcarpa  S.  Wats. 
Amauyllid-^ceae 

Agave  ^tahensis  Engelm.     ? 

Iridaceae 

Iris  7nissouriensis  Nutt. 

Hespcranthus  torreyi  S.  Wats. 
Juglandaceae 

Juglans  riipestris  Engelm. 
Salicaceae 

Populus  trcmuloides  Michx. 

Populus  anguslifolia  James 

Salix  sp. 
Faoaceab 

Quercus  ganibclii  Xutt. 

Quercus  grisea  Lieb. 

Qiicrcus  reticulata 'i\ .  K.  B. 
Ulmaceae 

Cecil's  mississippiensis  var.  reticulata  (Torr.) 
Sarg. 
Moraceae 

Morus  celtidifolia  II.  H.  K. 
Lokanthaceae 

Razournofskya    camphylopoda    (Engelm.)    Piper 

Phoradendrnn  villoxum  Nutt. 


Pine  sedge,  Nut  grass 

Spike  sedge 

Sedge 

Sedge 

Rush 

Wire  grass 
Rush 

Wild  onion 
Mariposa  lily 
Soapweed,  Amole 
Yucca 
Bear  grass 

Mescal,  Agave,  Century 

plant 

Iris,  Flag 
Yellow  lily 

Walnut 

Aspen 

Willow  leaf  Cottonwood 

Mountain  willow 

Gambel  oak 
Shin  oak 
Live  oak 


Hackbcrry 

Mulberry 

False  mistletoe 
Mistletoe 


•I 
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POLTGONACEAE 

Eriogonum  racetnosum  Xutt. 
Eriogonum  alatuni  Torr. 
Eriogonum  pharnaceoidcs  Torr. 
^Eriogonum  sp.- 
Eringonum  sp. 
*Rumex  cripsus  L. 
Chenopodiaceae 

Chenopodium  fremontii  S.  Wats. 
Atriplex  canescens  James 
Eurotia  lanala  (Pursh)  Moq. 
*Salsola  kali  L. 

AMARANTn.\CE.\E 

Amaranthus  palmeri  A.  Wats. 

PoRTUL.\CACEAE 

^Tatinum  validulum  Greene. 

Portulaca  sp. 
Caryophyllaceae 

Arenaria  fendleri  A.  Gray 
Ranunculaceab 

Aquilegia  chrysantha  A.  Gray 

Delphinium  scaposum  Greene 

Thalictrum  wrighlii  A.  Gray  ? 
Bbrberidaceae 

Berberis  nana  Greene 

Berberis  fremontii  Torr. 
Crucifer.ae 

Lepidium  montanum  Nutt. 

Sophia  brevipes  (Xutt.)  Rydb. 
Capparidaceae 

Cleome  serrulala  Pursh 
Grossulariaceae 

Ribes  mescalerium  Gov. 

Ribes  sp. 

Grossularia  pinelorum  (Greene)  Gov.  &  Brit. 
Plantanaceae 
'        Plalanus  wrighlii  S.  Wats. 

H YD RANGE ACE AE 

Fendlera  rupicola  A.  Gray 

R0S.\CEAE 

Cercocarpus  parvifolius  Nutt. 
Cowania  mexicana  D.  Don 
Holodiscus  sp. 
Spiraea  microphylla  Rj'db. 
Pelrophylon  caespilosiim  (Nutt.)  Rydb. 


Curled  dock 

Lamb's  quarter 
Wafer  sage,  Chemise 
Feather  sage 
Russian  thistle 

Pigweed 

Purslane  ., 

Sandwort 

Columbine 

Larkspur 
Meadow  rue 

Oregon  grape 
Algerita,  Palo  amarillo 

Pepper  grass 
Tansy  mustard 

Rocky  Mountain  bee  plant 

Gooseberry 

Currant 

Spiny  gooseberry 

Sycamore 


Mountain  mahogany 
Quinine  bush 

Meadow  sweet 


'Species  indicated  by  t  were  reported  by  tlic  National  Ili'rUariuni  .1^  m-w  to 
science. 
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Chamaebatiaria  millefolium  (Torr.)  Maxim. 
Fallugia  paradoxa  (Don)  Endl. 
Jiossckia  neomexicana  (A.  Gray)  Rydb. 
Fragaria  americana  (Porter)  Brit. 
Polcnlilla  monspetiensis  L. 
Potentilla  thurberi  A.  Gray 
Potentilla  crinila  A.  Graj' 
Erylhrocoma  arizonica  Greene. 
Rosa  fentUeri  Crepin 

PoMACE.\E 

Amelanchier  alnifoHa  Xutt. 

Sorbus  dumosa  Greene 
Drcp.\ceae 

Prunus  crenulata  ? 
Legu.minosae 

CaUiandra  huyniiis  Benth. 
•       Thermopsis  divaricarpa  A.  Xels. 

Sophora  serica  Nutt. 

Lupin-US  silcri  S.  Wats. 

Lupinus  hillii  Greene 

Lotus  wrighlii  A.  Gray 

*Melilolus  alha  Dcsv. 

Trifolium  rtishyi  Greene 

Trifolium  fendleri  Greene 

Robinia  neomexicana  A.  Gray 

Astragalus  bigelovii  A.  Gray 

Astragahts  greeni  A.  Gray 

Astragahts  hosackiae  Greene 

Aragallus  lambcrtii  (Pursh)  Greene 

jAmorplia  sp. 

Amorpha  sp. 

Psoralea  lenuiflora  Pursh 

Parosela  albi flora  (A.  Gray)  Vail 

Petalostemon  oligophyllus  (Torr.)  Rydb. 

Vicia  perangusta  Greene 

Lathyrus  arizonicus  Britton 

Cologania  longifotia  A.  Gray 
Geraniaceae 

Geranium  caespitosum  James 

Geranium  gracilenlum  Greene 

*Erodium  cicularium  (L.)  L'Her. 

0XALID.\CEAE 

Oialis  striata  L. 

LlNACEAE 

Linum  lewisii  Pursh 
Linum  berlandieri  Hook. 

RUTACEAE 

Plelea  sp. 


.\pachc  plume 
Fnlso  riispljcrrj' 
Wild  strawberry 

Red  cinquefoil 
Silver  weed 
Alum  root 
Wild  rose 

Service  berry 
Elderloaf  mountain-ash 

Wild  cherry 

Ground  acacia 

Yellow  pea 

False  loco 

Dwarf  lupine 

Lupine 

Trefoil,  Red  and  yellow  pea 

Sweet  clover 

White  clover 

Clover 

Locust 

Wooly  loco 

Prostrate  loco 
Rattlepod  loco 
Spice  bush 

Indian  bread  root 

Prairie  clover 
Vetch 
Peavine 
Pea 

Big  filaree 
White  geranium 
Alfilaria,  Filaree 

Yellow  wood  sorrel 

Blue  flax 
Yellow  flax 

Wafer  ash 
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EUPHORBIACEAE 

Tragia  rarnosa  Torr. 
Euphorbia  monlana  Engelm. 
Euphorbia  fendleri  T.  &  G. 
Anacardiaceae 

Rhus  eleganlula  Greene 
lihus  rydbergii  Small 
Rhus  trilobnia  Nutt. 

ACERACEAE 

Acer  glabrum  Torr.  ? 

Acer  negundo  L. 
Sapindaceae 

Sapindiis  drummondii  II.  &  A. 

Forsellesia  spinescens  Greene 
Rhamnaceae 

^Rhamnus  plalyphylla  Greene 

]Rhamnus  sp. 

Ceanothus  fendleri  A.  Gray 

Ceanothus  grcggii  A.  Gray 

VlTACEAB 

Vitis  arizonica  Engelm. 
Malvaceae 

Sidalcea  neomexicana  X.  Gray 

Sphaeralcea  rmoryi  Torr. 
IIypericaceae 

Hypericum  foriiiosuiii  II.  B.  I\. 
\'lOL.\CEAE 

Viola  viuricnlnUi  (Iroonc 

(^ACTACEAE 

Opuntia  sp. 

Opuntia  sp. 

Opuntia  sp. 
Onagraceae 

Onagra  hookeri  (T.  &  G.)  Small 

Gaura  suffuUn  Engelm. 
Umbelliferae 

Pseudncynioptcrus  niontanus  (A.  Gray)  C.  &  R. 

Pseudocynioplcrus  purpurcus  (C.  &  R.)  Rydb. 

Eulophus  s]). 
Cor.vaceae 

Cornus  stolonifera  Michx. 

Garrya  flavescens  S.  Wats.  ? 
Pyuol.\ceae 

Chimaphila  umbellala  (L.)  Nutt. 
Monotropaceae 

Plerospnra  atidromcdea  Xutt. 
ICkicaceae 

Arctoslapliytos  piiiigciis  II.  H.  K. 


Nosebiirn 

Spurge 

Ground  milkweed 

Sumac 
Poison  i\  y 

Skvmk   bush.    Lemonade 
berry 

Dwarf  mai)lc 
Boxelder 

Soap  berry 
False  holly 

Wild  grape 

Purple  uiallnw 
Globe  mallow 

St.  John's  wort 

Violet 

Prickly  pear 
Choiui 

Evening  jjrimrose 


Dogwood 

Princess  pine,  Pipsissewa 

Pine  drops 

Manzanita 
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Oleaceae 

Fraxinus  loumcyi  Britton 
Adclia  ncomcxicana  (A.  Gray)  Kze. 
Menodora  scabra  A.  Gray 
Gentianaceae 

Gentiana  elegans  A.  Nels.  ? 
Frasera  scabra  (Jones)  Rybd. 
Asclepiadaceae 
Asclepias  sp. 

Asclepias  involucrala  Engelm. 
Asclepias  speciosa  Torr. 
Asclepiodora  decumbens  (Nutt.)  A.  Gray 
Polemoniaceae 

Phlox  woodhousii  A.  Gray 

Gi7io  arizonica  Greene 
Boraoinaceae 

Lappida  sp. 

Lilhospcrmum  nndtijlorum  Torr. 
Labiatab 

^Mentha  sp. 

*Marrubium  vulgare  L. 

Cedronella  mexicana  Benth. 

Dracocephahiin  parmflorum  Nutt. 

Monardella  sp. 

\Slach>js  sp. 

Monarda  slricta  Wooton 

Hedeoma  sp. 

SOLANCEAE 

Solanum  iriflorum  Nutt.  ? 
Lycium  pallidum  Miers 
Datura  meteloides  DC. 

SCROPHULAni.lCEAE 

*Verbascum  thapsus  L. 
Penlstemon  linarioides  A.  Gray 
Pcnlslemon  torreyi  Benth. 
Pcntslemon  sp. 
Mimulus  langsdorfii  Sims. 
Castilleja  sp. 
jCaslilleja  sp. 
Orlhocarpus  iuteus  Nutt. 
Cordylanlhus  wrighlii  A.  Gray 
Plantaginaceae 

Plantago  purshii  11.  &  S. 

RUBIACEAE 

Hoiislonia  wrighlii  A.  Gray 
Capbifoliaceae 

Sambucxis  melanocarpa  A.  Gray 
Symphoricarpos  oreophilus  A.  Gray 


Tourney  ash 

False  privet,  Palo  bianco 

Twin  berry 

Purple  gentian 
Skunk  cabbage 

Slender  leaf  milkweed 
Dwarf  milkweed 
Milkweed 
Milkweed 

Phlo.x 


Beggar  lice 
Puccoon 

Mint 

Hoarhound 
Mountain  hyssop 
Dragon  head 
Pennyroyal 
Adobe  weed 
Horse  mint 
False  pennyroyal 

Wild  tomato 

Jimson  weed 

Mullein 


Monko}-  flower 
Indian  paint  brush 
Indian  paint  brush 

Plume  weed 

Indian  wheat 

Ground  lilac 

Elder  berry 

Wax  berry,  Snow  berry 
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COMPOSITAE 

Brickellia  grandiflora  Nutt. 

Brickellia  wrightii  A.  Gray 

Gulierrezia  tenuis  Greene 

Grindclia  oxylepis  Greene 

Chrysothamnus  pulchellus  (A.  Gray)  Greene 

^Chrysothamnus  sp. 

Sideranthus  gracilis  (Nutt.)  Rydb. 

Solidago  marshallii  Rothr. 

Solidago  arizonica  (A.  Gray)  Wooton  &  Standley 

Aster  comtnutatus  A.  Gray 

\Aster  sp. 

Machaeraiithera  linearis  Greene 

Leucelcne  ericoides  (Torr.)  Greene 

Erigeron  eximius  Greene 

Erigeron  divergens  T.  &  G. 

\Erigeron  gummosus  Greene 

Antennaria  rosulata  Rydb. 

Gnaphalium  wrightii  A.  Gray 

Ambrosia  psilostachya  DC. 

Gymnulomia  mulliflora  (Nutt.)  B.  i-  H. 

Helianthus  lenlicularis  Dougl. 

Helianlhus  ciliaris  DC. 

Helianlhella  arizonica  (A.  Gray) 

Coreopsis  iinctoria  Nutt. 

Psilostrophe  lagetina  (Nutt.)  Greene 

Pericome  caudata  A.  Graj' 

Hymenopappus  luteus  Nutt. 

Bahia  dissecta  (A.  Gray)  Britton 

Hymenothrix  wrightii  A.  Gray 

Actinella  bigelovia  A.  Gray 

Hymenoxys  floribunda  {A.  Gray)  Cookrl. 

Tageics  micrantha  Cav. 

Achillea  millefolium  L. 

Artemisia  wrightii  coloradensis  (Osterh.)  A.  Nels. 

Artemisia  forwoodii  S.  Wats. 

Artemisia  ludoviciana  Nutt. 

Artemisia  friyida  Willd. 

Tctradymia  cancscens  DC- 

Senecio  fendlcri  A.  Gray 

Senecio  filifolius  Nutt. 

Senecio  longilobus  Bonth. 

Carduus  undulalus  Nutt. 

Carduus  ochroccntrus  (A.  Gray)  Greene 

Hieracium  fendleri  Schultz  Bip. 

*Lactuca  scariola  L. 

Troximnn  arizonicum  Greene 


Coloosanthus 
Coleosanthus 
Snake  weed,  oil  weed 
Gum  weed 
Rabbit  bush 
Rabbit  bush 

Gohien  rcxl 

Golden  rod 

White  prairie  aster 

Bhie  aster 

Blue  daisy 

False  heather 

Daisy 

Daisy 

Daisy 

Ladies'  tobacco 

Cud  weed 

Rag  weed 

Turpentine  weed,  Resin 

weed 
Sunflower 
Dwarf  sunflower 
Wood  sunflower 
Tick  seed 
Quinine  weed 
Wing  weed 
White  leaf  ragweed 
Yellow  ragweed 


Pingue,  Rubber  weed 

Ijicorice  weed 

Yarrow 

Sage 

Red  stemmed  sage 

Slender  sage 

Estafieta,  Sweet  sage 

Black  sage 

Butter  weed,  False  pingue 

Thistle 

Thistle 

Wooly  weed 

Wild  lettuce 

Dandelion 


BOOKS  AND  CURREX'r  LITERATURE 

Methods  in  Physiology  ok  Nutkition. — As  the  title  of  this  hook' 
indicates  it  deals  exclusively  with  those  aspects  of  plant  physiology 
more  directly  related  to  nutrition,  and  is  more  especially  concerned  in 
presenting  the  methods  of  the  chemist.  More  than  ever,  one;  infers 
from  a  reading  of  the  captions,  does  the  trend  of  modern  plant  physi- 
ology direct  itself  toward  the  domain  of  chemistiy.  The  book,  the 
author  hopes,  occupies  a  position  intermediate  between  biochemical 
books  on  the  one  hand  and  those  dealing  in  the  more  usual  way  with 
plant  physiology.  As  the  tendency  for  the  biochemist  is  less  strong 
toward  physiology  than  is  salutary,  any  influence  to  bring  him  to  make 
use  of  the  point  of  view  of  the  physiologist  is  to  be  properly  appre- 
ciated. To  this  end  the  author  has  made  use  of  a  physiological  classi- 
fication of  his  material  and  has  displayed  the  chemical  methods,  which 
constitute  the  l)ulk  of  the  text,  under  the  appropriate  physiological 
headings.  One  must  not  think  however  only  of  in  vitro  chemistry, 
in  a  narrow  sense.  For  exami)le,  the  botanist  as  chemist  must  not 
only  determhie  the  composition  of  mixed  gases,  but  he  must  set  up  an 
experiment  with  the  living  plant  in  order  to  get  the  gases  for  deter- 
mination. Grafe  has  made  a  large  etlort  to  bring  together  all  these 
coordinate  methods,  and  the  amount  delivered  to  the  botanical  con- 
stituency is  really  quite  great — 494  pages  and  roughly  230,000  words 
— thoroughly  enough  done  to  lie  of  a  good  deal  of  value.  The  author's 
claim  to  have  treated  all  the  material  he  prescmts,  critically  upon  the 
basis,  with  few  exceptions,  of  tests  in  his  own  laboratory,  is  a  very 
large  one,  and  the  reviewer,  for  one,  cannot  but  feel  some  dis(iuietude 
at  the  bigness  of  the  task,  and  is  imiielled  to  raise  the  (lueslion  whether 
one  student  can  cover  such  a  far-spread  field  critically.  The  internal 
evidence  indicates  a  negative  reply.  For  example  the  chapter  on  the 
tannins  may  be  cited.  The  brief  treatment  assumes  the  efficacy  of 
present  methods  of  tannin-extraction,  and  takes  no  account  "f  their 
total  inadequacy  for  any  jihysiological  studies.  Nor  is  any  refer- 
ence made  to  the  useful  anil  exhaustive  bibhographic  studies  of  Dck- 

'  Grafe,  Victor,  Krniihrungsphysiologischps  Praktikuin  dor  Hohcren  Pflanzen. 

Pp.  494,  fig.s.  ISO.     Pcrlin,  P.iiil  Pmi-i'v,  1011.     (Mk.  17.00.) 
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kcr,  which  would  put  the  student  in  touch  with  that  source  of  infor- 
mation too  httle  known  to  physiologists.  The  same  criticism  may 
be  made  concerning  the  treatment  of  india-rubber,  namely,  that 
they  are  merely  ordinarj'^  chemical  analytical  methods,  no  mention 
being  made  even  of  Whittelsey's  important  contribution  to  this  aspect 
of  the  work,  nor  to  those  of  Spence  and  of  the  reviewer  on  the  be- 
havior of  rubber  in  the  living  plant.  The  physiologist  will  find  in 
these  chapters  little  to  guide  him  even  to  work  already  done  from  his 
point  of  view.  But  it  would  be  unjust  to  judge  the  whole  book  from  the 
treatment  of  these  more  obscure  subjects,  since  the  meagreness  of 
matter  concerning  them  rests  in  part  at  least  on  our  lack  of  knowledge. 

One  finds,  on  the  other  hand,  that  the  portion  of  the  text  devoted 
to  methods  for  the  study  of  the  nutrition  and  growth  of  the  seed- 
ling is  quite  full  and  extremely  useful,  and  the  same  may  be  said  of 
manj'^  other  subjects,  such  as  respiration,  photosynthesis,  and  nitrogen 
assimilation,  while  the  gas-analysis  methods  that  play  so  important 
a  part  in  the  study  of  these  matters,  are  described  in  detail.  Of 
especial  value  are  the  chapters  on  sterilization  of  higher  plants,  methods 
of  studying  the  surface  tension  of  protoplasm  (including  Czapek's 
important  contribution),  the  enzymes  (Bunzel's  highly  refined  methods 
here  being  presented),  respiration  and  photosynthesis,  in  all  of  which 
many  procedures  not  before  collated  in  a  single  book,  are  brought 
together.  A  considerable  space  is  devoted  also  to  forcing,  measure- 
ment of  growth,  of  transpiration  (including  stomatal  movements), 
bleeding  pressure,  and  osmotic  pressures. 

There  are  throughout  the  book  a  number  of  striking  omissions,  an 
excuse  for  which  is  not  at  hand.  No  mention  is  made  of  the  water  cul- 
ture methods  of  Livingston,  and  of  Schreiner  and  Skinner,  the  latter 
especially  important.  Although  Francis  Darwin's  porometcr  method 
is  described.  Ball's  veiy  ingenious  "stomatograph"  has  escaped  at- 
tention. Nothing  is  said  of  methods  for  studjang  evaporation,  and 
their  importance  as  a  standard,  as  developed  by  Livingston  and  em- 
bodied in  his  conception  of  relative  transpiration,  although  analogous 
methods,  such  as  Wiesner's  for  measuring  light  intensities,  do  appear. 
Nearly  all  the  devices  for  the  study  of  transpiration  arc  given  except- 
ing one  form  of  potometer  perhaps  the  most  generally  useful  of  the 
simple  types,  although  the  paper  describing  its  earliest  use  is  cited. 
Dixon's  important  thermoelectric  method  of  determining  the  concen- 
tration of  saps,  is  given. 

One   misses,    however,    indicnt  if)iis   of   Mpprcciation    of    the    work    of 
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Gager  on  the  effects  of  riidium,  of  Crocker  and  others  on  germination, 
and  of  Richards,  MacDougal,  Ostorhout,  Xewcoriihe,  and  Green. 
One  readily  sees  tliat  other  studies,  wliicli  should  riglith-  have  found 
a  place  in  such  a  book,  are  missing,  though  inasmuch  as  it  is  intended 
to  comprehend  methods  rather  than  results,  many  of  the  most  im- 
portant works  in  the  field  of  nutrition  naturally  would  not  be  men- 
tioned, since  these  frequently  do  not  present  new  methods.  We  find 
however  that  this  expectation  is  wrong,  and  that,  on  the  contrary, 
nmch  space  is  devoted  to  the  presentation  of  results,  many  of  which 
have  been  largely  superseded  by  studies  more  recent  than  those  actu- 
ally cited.  It  is  therefore  not  captious  perhaps  to  say  that  a  wiser 
selection  of  published  results  would  have  made  the  book  more  valu- 
able. There  are,  moreover,  indubitable  indications  that  the  author 
has  taken  only  minor  note  of  American  work. 

It  would,  however,  be  unjust  to  convey  the  impression  that  the 
book  is  of  secondary  importance.  It  is  distinctly  valuable,  for  what- 
ever the  omissions  may  be,  it  contains  a  plentitude  of  material,  and 
it  has  the  mission,  conceived  by  the  author,  to  bring  the  chemist  and 
the  plant  physiologist  onto  common  ground.  An  additional  value 
of  the  book  is  found  in  a  considerable  number  of  useful  tables  in  which 
are  brought  together  in  condensed  form  a  good  many  data,  though, 
as  already  indicated,  some  of  these  are  superseded.  Included  among 
them  is,  e.g.,  an  extensive  table  of  color  indicators,  derived  from  Frie- 
denthal,  especiall.v  important  for  the  more  accurate  study  of  sap 
acidities.  These  valuable  determinations,  though  well  known  to  the 
physical  chemists,  are  not  sufficiently  appreciated  by  the  botanists, 
and  it  is  in  bringing  many  matters  of  similar  value  to  theirattention, 
as  well  as  in  making  an  adequate  summary  for  the  biochemist  of  the 
chemistiy  of  nutrition  from  the  physiologist's  point  of  view  that  Grafe's 
book  will  be  especially  appreciated. 

In  conclusion  it  may  be  fairly  stated  that  his  work,  which  has  called 
for  a  veiy  considerable  and  sustained  effort  on  his  part,  contains  a 
large  body  of  information  of  undoubted  value.  The  chief  criticism 
is  to  be  found  in  the  very  limited  appreciation  of  the  work  of  American 
botanists,  who,  it  is  rightly  believed,  have  made  worthy  achievements 
in  the  field  of  plant  nutrition.  One  gets  the  impression  in  running 
through  the  book  page  by  page  in  order  to  estimate  the  author's  ac- 
(luaintance  with  the  literature,  that  the  citations  of  American  studies 
are  more  a  matter  of  chance  than  systematic  research.  And  there  is 
internal  evidence  that  monograi^hs   which   arc   known    to   have   been 


BOOICS    AND    CURHENT    LITERATURE  127 

available  to  the  author  (since  they  are  distributed  gratuitously  to  all 
the  great  libraries  throughout  the  world)  have  not  been  made  use  of. 
The  limited  circulation  of  American  botanical  periodicals  in  Europe 
appears  to  indicate  also  that  authors  in. that  part  of  the  world  depend 
too  largely  on  the  assiduity  displayed  by  Americans  in  the  distribution 
of  reprints. — Francis  E.  Lloyd,  McGill  University. 

Flora  of  California. — The  fifth  ■  part  of  this  important  work/ 
issued  early  in  February,  comprises  (52  pages,  completing  Portulac- 
aceae  from  Calnndriniai  containing  Caiyophyllaceae,  Ceratophyllaceae 
and  Nymphacea(>  complete,  and  carrying  Ranunculaceae  through 
Anemone.  It  is  illustrated  with  13  text  figures,  those  delineating  the 
flowers  of  11  sp(>cies  of  Silene  being  particularly  helpful.  A  new 
genus,  EremoUlhiu,  is  proposed,  based  on  a  remarkable  plant  found  in 
Owens  \'alley;  Achyronijchia  rixfordii  Brandeget,  is  the  only  new 
species.  The  steady  progress  of  this  great  Flora  is  most  gratifying, 
especially  to  western  botanists. — S.  B.  Parish. 

'  J«pson,  W.  L.,  A  Flora  of  Califorinu.  Part  .5.  Pp.  62,  San  Francisco, 
Cunningham,  Curtis  and  Welch,  1915. 


NOTES  AXD  COMMENT 

The  Plant  Would  announces  two  prizes  which  aie  to  be  awanled  for 
the  best  papers  enihodyin};;  oi'igiiial  worl\  in  any  phase  of  the  water  re- 
lations of  plants.  The  aniounl  of  the  first  prize  is  SoO,  and  of  the 
second  prize  Sl">.  The  oft'oring  of  these  purses  is  made  possible  liy  the 
generosity  of  Prof.  B.  E.  Livingston  and  by  contributions  from  Dr.  D.  T. 
Ma(d)ougal,  Prof.  J.  J.  Thornl)er,  Dr.  J.  B.  Overton,  Dr.  H.  C".  Cowles, 
Dr.  W.  A.  Cannon,  and  Mrs.  Edith  B.  Shreve.  Competing  papers 
should  be  written  so  as  to  give  no  internal  evidence  of  authorship,  and 
should  be  sent  to  the  Editor  of  The  Pl.\nt  World  by  December  1st, 
1915.  The  manuscripts  will  l)e  submitted  to  a  committee  of  seven 
judges,  whose  names  will  l)e  announced  later,  and  the  award  will  be 
made  public  on  ^larch  Isi,  I'.tUi.  The  prizes  will  be  withheld  if  it  is 
the  opinion  of  the  judges  that  no  paper  has  been  submitted  which  is 
worthy  of  them.  The  second  ynhv  will  be  awarded  at  the  discretion  of 
the  judges  and  may  be  added  to  the  first  prize  if  there  is  a  wide  hiatus 
between  th(>  meiits  of  the  two  l)est  papers.  The  Pl.\n-t  World  reserves 
the  right  to  pulilish  any  papers  submitted  in  the  contest,  and  in  the 
case  of  such  publication  the  iiuthor  will  be  given  an  opportunity  for 
the  i(>vision  of  his  paper  hut  nol  for  any  considerable  extension  of  it. 

The  New  York  State  College  of  Forestn-  is  endeavoring  to  interest 
the  high  schools  of  that  state  in  an  enlargement  of  the  function  of 
arljor  day,  so  that  the  planting  of  one  or  two  shade  trees  will  be  re- 
placed by  the  jjlanting  of  one  or  two  thousands  of  trees  on  some  avail- 
able piece  of  land  suited  only  for  forest  growth.  The  boys  and  girls 
who  have  helped  to  plant  a  forest  will  undoubtedly  take  a  deep  interest 
in  (lie  ])i(iiccii(in  and  con.servation  of  all  forests. 

The  Biological  Society  of  the  Pacific  met  in  San  Francisco  on  Feb- 
ruary 27th  to  paitake  of  a  dinner,  and  to  discuss  plans  for  scientific 
meetings  and  field  tiips  in  connection  with  the  session  of  the  American 
A.ssociation  in  San  Francisco  in  August. 
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NOTES  ON  THE  RELATIONS  BET^^^:EN  THE  FLORAS 
OF  SUB  ANT  ARCTIC  AIMERICA  AND  NEW  ZEALAND 

CARL   SKOTTSBERG 

Universiln  of  Upsala,  Upsala,  Sweden 

Ever  since  the  father  of  antarctic  botany,  Sir  Joseph  Hooker, 
pubUshed  his  admirable  Introductory  Essay  to  his  Flora  Novae 
Zelandiae,  the  question  of  the  relations  between  the  various  floras 
around  the  south  polar  regions  has  been  the  incentive  to  numerous 
investigations  and  speculations.  Engler,  in  1882,'  summarized 
our  knowledge  of  these  things  in  a  most  instructive  and  lucid 
manner,  and  after  him  nearly  every  author  who  has  written  on 
the  floras  or  faunas  of  the  lands  or  islands  concerned  has  fully 
understood  the  importance  of  dwelling  upon  the  geographical 
distribution  of  each  species,  and  the  old  theories  of  land  connec- 
tions or  transmarine  migrations  have  repeatedly  been  discussed. 
However,  these  authors  seem  to  have  used  about  the  same  lists 
of  species,  without  keeping  up  with  the  taxonomic  work  always 
going  on,  and  the  last  thirty  years  make  numerous  changes  and 
additions  necessaiy.  A  number  of  monographs  of  various  genera 
and  orders  have  appeared,  several  important  discoveries  have 
been  made,  and  many  old  mistakes  have  been  corrected.  Among 
other  publications  used  for  this  paper  I  might  especially  men- 
tion the  numerous  monographs  in  Englcr's  Jahrbudicr,  the 
Pflanzenreich,  also  edited  by  Engler,  Domin's  monograi)h  on 
Koeleria,  Bitter's  monograph  on  Acaena  (both  in  Bibliotheca 
Botanica),  the  scientific  results  of  the  recent  antarctic  expedi- 
tions, the  new  works  on  the  flora  of  New  Zealand,  the  Sub- 
antarctic  Islands,  etc. 

Two  circumstances  have  led  me  to  take  \\\)  again  the  problem 
of  plant  distribution  in  austral  lauds;  first,  the  fact  that  1  came  to 

'  Engler,   A.,    Vcrsuch   eincr   Entwickelungsgcsehichte   dor    Pflanzenwclt,    ii, 

1882. 
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be  fairly  well  acquainted  with  subantarctic  and  antarctic  floras 
during  my  travels  in  tliosc  roRions  fSwodish  Soutli  Polar  Expedi- 
tion, 1901-1903;  Swedish  IMagellanie  Expedition,  1907-1909), 
and  secondly,  that  during  the  first  of  these  expeditions  members 
of  our  party  discovered  fossil  faunas  and  floras  in  the  now  ice- 
covcrcd  CJraham  Land.  Not  that  this  was  anything  like  unex- 
pected, but  the  fact  that  we  now  were  able  to  get  a  glimpse  of 
the  rich  organic  world  that  once  inhabited  lands  now  so  barren 
and  desolate,  and  to  discuss  its  affinities  in  the  surrounding  or 
moH!  remote  countries,  gave  us,  anion^  other  results,  a  sounder 
basis  for  our  speculations  on  the  origin  of  subantarctic  and 
antarctic  floras.  Thus,  I  have  tried  to  compile  a  new  list  of 
bicentric  types  on  the  basis  of  existing  ones.  However,  I  have 
found  it  better  to  confine  myself  to  a  comparison  between  Sub- 
antarctic America  and  New  Zealand  (with  the  Auckland,  Camp- 
bell, and  other  islands),  my  knowledge  of  the  Australian  and  Tas- 
manian  flora,  the  known  part  of  wliich  is  increasing  rapidly,  being 
much  too  limited.  Only  such  types  are  treated  as  occur  in  the 
Dominion  of  New  Zealand  and  in  Subantarctic  .America  (the 
Magellanic  territories  and  M'estern  Patagonia — for  reasons  easy 
to  understand  here  comprising  the  whole  of  the  forest  region  of 
southern  Chile — and  also  the  P'alkland  Islands  and  South 
Georgia).  Cosmopolitan  species  or  species  of  a  wide  range  are 
excluded,  also  types  which  quite  as  well  may  have  reached  "Sew 
Zealand  and  South  America  from  the  north.  I  have,  however, 
quoted  a  few  striking  examples  of  bicentric  occurrence  in  Australia 
or  Tasmania  and  South  America,  even  if  the  type  in  question 
does  not  belong  to  the  New  Zealand  flora. 

Only  the  flowering  plants  are  included.  It  is  well  known  that 
cryptogams,  liy  means  of  their  minute  s])ores,  are  likely  to  become 
very  widely  distributed,  and  that  cosmopohtan  forms  are  com- 
mon in  the  difTerent  groups.  At  the  same  time  they  might  very 
well  be  treated  from  the  same  point  of  view  as  the  phaenogams. 
Such  works  as  Christ's  Geographie  der  Fame  (1912)  or  Cardot's 
La  Flore  bryologique  des  terres  magellaniques^  clearly  show  that 

'  Cardot,  J.  in  Wiss.  Ergebn.  d.  Sclnved.  Sudpolarcxiied.,  iv,  2,  19C8. 
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the  problem  remains  the  same,  and  Cardot  seems  to  have  treated 
his  subject  in  a  very  able  manner. 

The  botanical  museums  in  Sweden  possess  large  collections' from 
nearly  all  subantarctic  lands  as  well  as  from  New  Zealand  and  the 
antarctic  regions.  Thus,  in  many  cases  it  has  been  possible  to 
make  the  necessary  comparisons  between  specimens  from  different 
places.  Through  the  kindness  of  one  of  the  foremost  botanists 
in  New  Zealand,  Dr.  L.  Cockayne,  I  received  a  number  of  plants 
from  that  region  representing  species  reported  to  be  identical 
with  South  American  ones.  I  take  advantage  of  this  occasion 
to  thank  him  most  heartily  for  his  assistance. 

In  the  following  paragraphs  the  figures  given  in  parentheses 
after  the  generic  names  indicate  the  number  of  species  actually 
known.  I  have  done  my  best  to  get  these  as  exact  as  possible, 
but  this  is  not  easy.  The  orders  follow  according  to  Engler's 
Syllabus. 

Taxaceae.  Dacrydium  Sol.  (16) :  7  bclonfc  to  New  Zealand,  1  to  Tasmania, 
4  to  Xew  Caledonia,  3  to  south-eastern  Australia,  and  1,  D.  Fonckii  (Phil.)  Benth., 
to  south  Chile  (extending  to  52°  30'),  apparently  related  to  D.  laxifolium  Hook. 
f.  in  New  Zealand. 

PiNACEAE.  Araucaria  L.  (12;  Australia,  New  Caledonia,  Norfolk  Id.,  New 
Guinea,  3  in  South  America)  of  the  section  Colymbea:  1  in  Australia,  1  in  Brazil, 
1  in  Chile  (also  1  e.xtinct,  from  southern  Patagonia). 

CupRESSACEAE.  Libocedrus  Endl.  (8;  2  in  New  Zealand,  1  in  New  Caledonia, 
1  in  New  Guinea,  1  in  eastern  Asia,  2  in  Chile,  1  in  California)  L.  chilensis  Endl 
and  L.  tetragona  (Lam.)  Endl.  in  Chile,  the  latter  extending  to  Fuegia,  corre- 
spond to  L.  Doniana  Endl.  and  L.  Bidwiliii  Hook.  f.  in  New  Zealand.  One  species, 
probably  L.  chilensis,  is  fossil  in  Falkland  Ids.  Fitzroya  Hook.  f.  2,  1  in  Chile 
between  39°  and  43°  S.,  the  other  (formerly  regarded  as  the  type  of  a  separate 
genus,  Diselma)  in  Tasmania. 

Grami.veae.  Agrostis  magellanica  Lam.  is  found  in  southern  Chile,  Fuogia, 
Falkland  Ids.,  Kcrguelen,  Marion.  Id.,  Heard  Id.,  New  Zealand,  and  the  Sub- 
antarctic Ida.  Poa  foiiosa  Hook.  f.  (Subantarctic  Ids.  of  New  Zealand)  corre- 
sponds to  P.  yZa(>eH«to  Hook,  f.  (Fuegia,  Falkland  Ids.,  South  Georgia).  Koe- 
leria,  Sect.  Dorsoaristatae  (13)  has  3  in  New  Zealand,  2  in  eastern  Australia  and 
Tasmania,  2  in  Asia,  and  0  in  .\rgentine  and  Patagonia  (1  extending  to  Falk- 
land Ids.).  Domin  thinks  that  the  section  is  of  South  American  origin,  having 
wandered  to  New  Zealand;  howe\er,  when  indicating  the  route  used  he  puts  it 
westward  from  Patagonia,  the  direction  opposite  to  that  generally  accepted 
on  account  of  the  Antarctic  Drift.  Hicrochlua  rcdolens  R.  Br.  (Victoria,  Tas- 
mania, New  Zealand,  Subantarctic  Ids.)  is  very  nearly  related  to  fl.  magellanica 
Hook.  f.  (Fuegia,  Falkland  Ids.).  Others  think  these  identical,  but  Hackel  and 
Pilger  keep  them  distinct. 
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Cyperaceak.  Oreolmlm  R.  Br.  incliulns  4  species,  1  in  Xcw  Zealand,  1  in  New 
Zealand,  Tasmania  and  Victoria,  1  in  Sandwich  Ids.,  1  in  southern  Chile,  Fuegia 
and  Falkhmd.  Thr'  New  Zeahuid  species,  0.  pamilio  H.  Hr.  and  0.  utrictus  Bcrggr. 
stand  near  the  South  American  O.  obluscmguluH  C!aud.  Carpha  R.  Br.  (2),  C. 
alpina  R.  Br.  in  Auckhmd  Id.,  New  Zealand,  TasinaTiia,  Victoria,  and  New  Guinea, 
and  C.  schoenoidcs  Banks  et  Sol.  in  Fuegia.  Clarke  considered  these  to  be  identical. 
Schoenus  L.  (=*=  60,  many  in  Australia  and  New  Zealand).  S.  ■pauciflorxis  Wook. 
f.  (New  Zealand)  hardly  differs  from  S.  anlarcticus  Hook.  f.  (Fuepia).  Carcx 
Darwinii  Boott  var.  urolepis  (Franch.)  Kiik.  is  found  in  Fuegia  and  in  Chatham 
Id.  C.  pumila  Thunb.  extends  from  New  Zealand  over  Tasmania  and  Australia 
to  eastern  Asia,  and  also  occurs  in  Chile.  C.  trifida  Cav.  is  found  in  Fuegia, 
Falkland  Ids.,  Now  Zealand,  Auckland  Id.,  and  Campbell  Id.  Of  the  section 
Bracteosae  (6)  1  occurs  in  Mexico,  4  in  South  America  (I  to  southern  Chile)  and 
1  in  New  Zealand.  The  section  Echinochlaenae  (20)  has  Hi  si)ecies  in  Now  Zea- 
land, 1  in  Tasmania,  1  in  Australia,  1  in  .Juan  Fernandez,  and  1  in  southern  Chile. 
Of  the  section  Unciniaeformes  subsection  Aciculares  (4)  3  are  Andine  (=  2  extend 
to  the  Falkland  Ids.)  and  1  is  found  in  New  Zealand,  Tasmania,  and  Victoria. 
The  genus  U.ncinia  Pcrs.  (24)  is  confined  to  America  (Mexico  and  West  Indies 
to  Fuegia),  Tristan  d'Acunha,  New  Zealand,  and  Australia.  One  species  reaches 
New  Ciuinca,  and  1  Kerguelen  and  North  Amsterdam  Id.,  both  belonging  to  the 
section  Stenandrae,  including  17  species.  Of  these  13  occur  in  New  Zealand 
(7  being  endemic),  4  in  temperate  and  subantarctic  America,  1,  V.  macrokpis 
Dene,  is  foimd  in  Chile  and  in  New  Zealand. 

Restionaceae.  Leplocarpus  R.  Br.  (21)  :  1  in  New  Zealand,  11  in  .Vustralia, 
1  in  eastern  Asia,  7  in  South  Africa,  and  1  in  Chile. 

Centrolepidaceae.  Gaimardia  Gaud.  (3),  G.  auslralU  Gaud.  (Fuegia,  Falk- 
land Ids.)  corresponds  to  G.  setacea  Hook,  f .  in  New  Zealand.  The  third  species 
in  Tasmania. 

.JuNCACBAE.  Marsippospermum  Desv.  (3),  M.  gracile  (Hook,  f.)  Buch.  in 
New  Zealand,  .Auckland  and  Campbell  Ids.  is  nearly  related  to  M.  Reicliei  Buch. 
(Patagonian  and  Fucgian  Andes).  The  third  species,  M.  (jrandiflorum  L.  f .  occurs 
in  Patagonia,  Fuegia  and  the  Falkland  Ids.  Raslkovia  Desv.  (monotypic),  K. 
magcUanica  (Lam.)  Hook.  f.  in  Magellan,  Falkland,  South  Georgia,  and  Camp- 
bell Id.  Juncus  L.  J.  planifolius  R.  Br.  in  Auckland  Id.,  Chatham  Id.,  New- 
Zealand,  Tasmania,  Australia  and  south  Chile.  In  the  Pflanzenreich  Buchenau's 
29th  Section  of  this  genus  comprises  7  species,  all  nearly  related;  of  these  2  be- 
long to  the  New  Zealand  district  and  5  to  the  southern  Andes,  some  reaching 
Fuegia,  Falkland  Ids.,  and  South  Georgia.  One  of  the  American  species,  J. 
scheuchzerioides  Gaud.,  is  reported  from  New  Zealand,  and  the  Auckland.  Camp- 
bell and  Antipodes  Ids.,  but  there  is  reason  to  doubt  the  identity  of  the  plants 
from  these  localities.  Luzula  racevwsa  Desv.  lypica  occurs  from  Mexico  to 
Fuegia;  the  varieties  Trarerxii  Buch.  and  ulophylla  Buch.  represent  the  species 
in  New  Zealand. 

LinACEAE.  AkIcUu  Banks  et  Sol.  (12)  has  its  headquarters  in  New  Zealand, 
with  6  species;  the  others  being  in  Australia,  Fiji,  and  the  Sandwich  Ids.,  with 
1,  A.  pumila  R.  Br.  in  Fuegia  and  the  Falklands  Ids.  The  last-named  species 
has  been  considered  as  corresponding  to  A .  linearis  Hook.  f.  (New  Zealand, 
Auckland  Id.,  Campbell  Id.),  but  the  two  do  not  seem  to  be  very  near  each  other. 
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Enargea  Banks  et  Sol.  (3);  E.  polyphylla  (Hook.)  F.  v.  M.  in  south  Chile  and 
western  Patagonia,  E.  marginata  (Gacrtn.)  B.  &  H.  in  Magellan  and  Falkland 
Ids.,  and  E.  parviflora  (Hook,  f.)  Skottsb.  in  Xew  Zealand,  generally  considered 
to  be  identical  with  E.  marginata.  I  have  found  it  necessary  to  reestablish 
Hooker's  CalHxene  parviflora:  leaves  with  veins  distinctly  prominent  on  lower 
surface,  even  the  transverse  ones,  margins  of  leaves  perfectly  smooth,  flowers 
1-2  em.  across,  with  all  parts  smaller,  berrj'  whitish,  whereas  E.  marginata  proper 
has  obsolete  veins,  the  transverse  ones  never  being  visible,  the  leaves  have  sca- 
brous margins,  the  flowers  are  2-3  cm.  across,  with  larger  stamens  and  style,  and 
the  berry  dark  purple. 

Iridace.\e.  Libertia  Spreng.  (9):  5  in  Chile  (1  extending  to  the  Patagonian 
channels  at  least),  3  in  Xew  Zealand  (1  also  in  Tasmania  and  Australia),  1  in 
Australia.  L.  elcgans  Poepp.  (Chile)  stands  near  L.  ixioides  Sprang.  (Xew 
Zealand).    The  latter  is  incorrectly  credited  to  Chile. 

Fagaceae.  Nothofagus  Blume  (17)  is  a  striking  example  of  bicentric  distri- 
bution. There  are  6  species  in  New  Zealand,  1  in  Tasmania,  1  in  Tasmania  and 
Victoria,  1  in  New  South  Wales,  8  in  Chile  (some  extending  to  the  Argentine 
slopes  of  the  Andes,  3  extending  to  Fuegia).  The  evergreen  section  is  repre- 
sented by  6  species  in  X''ew  Zealand  (the  whole  number  found  there),  by  1  in  Tas- 
mania and  Victoria,  1  in  New  South  Wales,  and  3  in  Chile ;  the  deciduous-leaved 
by  1  in  Tasmania  and  5  in  Chile. 

PnoTE.\cEAE.     Lomatia  R.   Br.    (9):  2  in  Tasmania,   4  in  eastern  Australia, 

3  in   Chile    (1   extending  to  the  Patagonian  channels).     Emhothrium  Vorst.  {5}: 

4  in  South  America  (1  extending  south  to  Fuegia),  1  in  eastern  Australia.  Orites 
R.  Br.  (8) :  4  in  Tasmania,  1  in  Victoria,  1  in  New  South  Wales,  1  in  Queensland, 
and  1  in  the  Chilean  Andes. 

LoRANTH.\CEAE.  PhrygiUinthvs  Eichl.  (25-30):  two-thirds  of  the  species  in 
South  America  from  Mexico  to  southern  Chile,  4  in  Australia,  2  in  New  Zealand. 

PoLYGONACEAE.  Mulilcnlicckia  Meissn.  (21):  3  in  New  Zealand,  1  in  New 
Zealand.  Tasmania  and  .\ustralia,  6  in  Australia,  1  in  the  Solomon  Ids.,  10  in 
South  America  (Mexico  to  Chile). 

Cakyophyllaceae.  Colubanthus  Bartl.  (19-20),  a  difficult  penus,  where  a 
revision  seems  necessary.  There  are  9  species  in  New  Zealand  and  the  Sub- 
antarctic  Ids.  (1  of  these  also  found  in  Victoria,  2  also  in  South  America),  8  addi- 
tional species  occur  in  the  Andes  from  Ecuador  to  Fuegia,  Falkland  Ids.,  and 
South  Georgia,  1  in  Kcrguelen  Id.,  1  in  New  Amsterdam  Id.,  1  in  Tasmania  and 
Victoria.  The  two  species  common  to  the  New  Zealand  region  and  South  .\merica 
are  C.  quitensis  Bartl.  and  C.  crnsaiJoliuH  (D'Urv.)  Hook.  f.  (=  C.  Billardieri 
Fenzl  p.  p.).  C.  Billardieri  from  Tasmania  and  Victoria  {Spergula  apetala  Lab.) 
Beems  distinct,  C.  apetalu.s  (Lab.).  C.  suhulatus  (D'Urv.)  Hook.  f.  (=  C  lien- 
Ihamianus  Fenzl)  of  New  Zealand  and  Campbell  Id.,  also  reported  from  Vic- 
toria, differs  from  true  subulatun  (Fuegia,  Falkland  Ids.,  South  (5eorgia)  in  being 
pentamerous ;  it  is  probably  a  different  species. 

Ranunculaceae.  Caltha  L.  sect.  Psychrophila  includes  6  species:  2  in  New 
Zealand,  1  in  Tasmania  and  Australia,  3  in  the  Chilean  Andes  and  Fuegia  (2  in 
the  Falkland  Ids.).  The  species  from  New  Zealand  and  Australia  stand  near  the 
American  C.  sagitlata  Cav.  Myosurun  aristatuii  Benth.  is  reported  from  Cali- 
fornia, Chile,  Patagonia,  Fuegia  and  New  Zealand.    lianwiculus  acaulis  Banks 
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et  Sol.  hiis  been  found  in  soutli  Clhilc,  Falkhmd  Ids.  (the  author  in  1907),  New 
Zealand,  C'hatliam  Id.,  Auckland  Id.  R.  crassipm  Hook.  f.  (Kerguclcn  Id.,  Mac- 
quarif  Id.)  is  so  near  li.  bitcrnalus  Sm.  (FucRia,  Falkland  Ids.,  South  Georgia, 
Marion  and  Crozet  Ids.,  New  .\instcrdam  Id.'  that  most  authors  consider  them 
to  be  identical.  However,  I  do  not  join  in  this  judgment,  'llie  leaves  are  very 
different,  the  first  mentioned  generally  has  tetramerous  flowers,  the  latter  pen- 
tamerous.  Unfortunately  the  material  of  R.  crassipes  at  hand  is  too  scanty  for 
confirming  my  impression  that  there  are  other  differences  in  the  flower  and  fruit. 
Choeseman  kept  them  separate  in  his  Flora  (1906),  but  later  (Subantarctic  Ids. 
of  New  Zealand  II,  1909)  reduced  them  to  1  species,  pointing  out  that  Mac- 
quarie  Id.  specimens  have  their  leaves  almost  as  much  di\idcd  as  R.  biter- 
natus  from  Punta  Arenas,  figured  by  Wildeman  in  the  Botany  of  the  Belgica 
Kxpcdition  (plate  xii).  However,  Wildeman's  determination  is  incorrect,  for 
the  plate  in  question  represents  quite  another  species,  R.  fuegiaiam  Speg. 

Magnoliaceae.  Driimjs  Forst.  (17) :  3  in  Xew  Zealand,  4  in  Australia,  1  in 
New  Guinea,  4  in  New  Caledonia,  1  in  Lord  Howe  Id.,  1  in  Borneo,  1  in  Venezuela, 
1  in  Brazil,  1  in  South  America  from  Mexico  to  Fuegia.  D.  winleri  Forst.  some- 
what corresponding  to  D.  axillaris  Forst.  in  New  Zealand. 

MoNiMiACBAE.  Laiirelia  Juss.  (3):  L.  Novae  Zclandiae  A.  Cunn.  in  New- 
Zealand,  L.  scmpervirens  Tul.  and  L.  serrala  Phil,  in  south  Chile.  It  is  very  near 
the  Australian  Athcrosperma. 

Chvciferak.  Cardaminc  ylacinlin  (Forst.)  DC.  is  found  in  Chile  to  Fuegia, 
and  Falkland  Ids.,  in  New  Zealand,  Auckland  and  Campbell  Ids. 

Droseraceae.  Drosera  L.  sect.  Psychophila  (3):  1  in  New  Zealand,  1  in 
New  Zealand,  Tasmania  and  Australia,  and  1  in  south  Chile,  Fuegia  and  Falk- 
land Ids. 

Crassulaceae.  Crassula  moschala  Forst.  (Chile  to  Fuegia,  Falkland  Ids., 
Kerguelen  Id.,  Marion,  Id.,  New  Zealand  and  Subantarctic  Ids.)  is  circumpolar. 

RosACEAE.  Gemn  parviflorium  Sm.  and  G.  magcUanicum  Comm.  in  south 
Chile,  Fuegia  and  New  Zealand.  Of  the  former  I  have  compared  specimens  from 
both  regions;  the  New  Zealand  ones  are  more  villous,  with  very  long  hairs,  the 
others  have  the  leaves  sparingly  pubescent  and  a  much  shorter  and  denser  pu- 
bescence on  the  upper  part  of  the  scapes.  I  have  seen  no  materal  of  G.  niagel- 
lanicum  from  New  Zealand.  A  third  species,  G.  albiflorum  (Hook,  f.)  Chcescm. 
(Auckland  Id.)  is  very  near  G.  parviflorum.  Acatna  L.  sect.  Acrobyssinoidac 
includes  6  species  in  Chile  and  Fuegia  (1  also  in  South  Georgia)  and  1  in 
Tasmania.  Acaena  sect.  Ancistrum,  subsect.  Euancistrum  has  two  groups  (17) 
ranging  from  temperate  South  America  to  Falkland  Ids.,  1  (2)  in  New  Zeal.and, 
1  (3)  with  1  in  New  Zealand,  Tasmania  and  Australia,  1  in  New  Amsterdam  Id., 
and  1  in  Tristan  d'Acunha.  The  group  Laevigatae  includes  1  in  south  Chile, 
Fuegia  and  Falkland  Ids.,  and  1  in  New  Zealand.  Whether  .4.  adsccndenx  Vahl 
(Magellan,  Falkland  Ids.,  South  Georgia,  Prince  Edward  and  Crozet  Ids.,  Ker- 
guelen Id.)  really  occurs  in  Macquarie  Id.  is  an  open  question. 

Leguminosae.  Sophoratetraptera  Ait.  coll.  with  varieties  or  subspecies  in 
New  Zealand,  Lord  Howe  Id.,  Easter  Id.,  Juan  Fernandez  and  south  Chile. 

Gebaniaceae.  Geranium  L.  sect.  Chilensia  (23) :  22  are  found  in  South  Amer- 
ica (most  of  them  are  Chilean)  and  1  in  Australia,  Tasmania  and  New  Zealand. 
Near  this  section  stands  sect.  Australiensia  with  1  in  Java.,  1  in  Australia,  Tas- 
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mania  and  New  Zealand,  and  1  in  Chatham  Id.  Sect.  Andina  (17)  is  Andine,  but 
one  species,  G.  sessilifloruin  Cav.  (South  .-Wierica  to  Fuegia)  also  occurs  in  New- 
Zealand  and  Tasmania. 

OxALiD.\CE.\E.  Oxalis  magellanica  Forst.  from  Fuegia  is  generally  considered 
to  be  identical  with  0.  lactea  Hook.  (=  O.  catarractae  A.  Cunn.,  0.  Novae  Fe- 
landiae  Gdgr.)  in  New  Zealand,  Tasmania  and  Victoria.  I  am  not  so  sure  of 
this,  for  while  my  Fuegian  specimens  quite  agree  with  the  original  description 
of  Forster  the  others  (I  saw  material  from  New  Zealand  only)  differ— and  this 
is  evident  also  from  the  description  of  Bentham  in  Flora  Australiensis — in 
having  distinctly  obcordate  leaflets  with  narrow  base,  and  in  the  pedicel  attain- 
ing a  length  of  1-4  cm.,  whereas  I  never  saw  it  exceed  1  cm.  in  the  true  0. 
magellanica.  The  flowers  of  0.  lactea  measure  1  cm.  across,  which  is  twice  as 
much  as  in  the  other. 

CoRi.iRiACEAE.  CoriaHa  L.  (8,  Mediterranean  region,  Asia,  New  Zealand, 
South  America).  C.  ruscifolia  L.  in  south  Chile,  New  Zealand,  Kermadec  Id. 
and  Chatham  Id.     C.  thymifolia  H.  B.  K.  Mexico  to  Peru,  New  Zealand. 

Rhamnaceab.    Discaria  Hook.  (16-18) :  all  in  extratropical  and  andine  South 
America  (1  extending  to  Fuegia),  except  1  in  New  Zealand,  and  1  in  Australia. 
Elaeoc.uipaceae.    Arislolelia  L'Her.  (9-11):  3-4  in  New  Zealand,  1  in  Tas- 
mania, 2  in  Australia,  1  in  New  Guinea,  1  in  New  Hebrides,   1-2  in  Chile.    A. 
racemosa  Hook.  f.  (New  Zealand)  stands  near  the  Chilean  A.  maqui  L'Her. 

EccRYPHiACEAE.  Monotj-pic  order.  Eucryphia  Cav.  (4-5):  2  in  Chile  {E. 
pato.gonica  Speg.  possibly  a  third),  1  in  Tasmania,  1  in  New  South  Wales. 

Thtmelae.\ceae.  Drapcies  Banks  (6),  forming  a  separate  suborder,  has  3 
in  New  Zealand,  1  in  Australia  and  Tasmania,  1  in  Borneo  and  1  in  Fuegia  and 
Falkland. 

Myrtaceae.  The  Metrosiderinae  group:  several  genera  in  New  Zealand,  Aus- 
tralia, Polj-nesia,  Malayan  region,  and  1  Metrosideros  in  Cape  Colony;  one  rep- 
resentative in  South  America,  the  monotypic  genus  Tepualia  Oris,  (south  Chile 
to  Magellan).  The  main  stock  of  the  closely  allied  genus  Metrosideros  Banks  is 
in  New  Zealand  (11). 

Oenotheraceae.  Epilobium  L.  sect.  Sparsiflorae  includes  4-5  species  in 
New  Zealand,  1  in  Tasmania,  and  E.  conjungcns  Skottsb.— at  least  nearer  to 
this  section  than  to  any  other— in  P'uegia  (see  Skottsberg  in  Wiss.  Ergebn.  dor 
Schwed.  Stidpolarexped.  IV:  4,  1906).  Fuchsia  L.  (60):  3  confined  to  New  Zea- 
land, all  the  rest  are  American  (Mexico  to  Fuegia). 

Halorrhagidaceae.  Myriophyllum  elatinoidcs  Gaud,  in  extratropical  South 
America  to  Fuegia  and  Falkland  Ids.,  and  in  New  Zealand.  Gunnera  L. :  of  the 
two  closely  related  subgenera  of  small  herbs  Milligania  is  confined  to  New  Zealand 
and  Tasmania,  Misandra  to  south  Chile,  I'"uegia  and  Falkland  Ids. 

Ai!.»liaceae.  Pseudopanax  Koch  as  limited  by  Harms  and  Seamen  com- 
prisos  7  species,  5  belonging  to  New  Zealand  and  2  to  south  Chile  (1  extending  to 
Magellan). 

Umbellifehae.  H ydrocotyle  americana  L.  has  been  found  in  North  and  South 
America  and  in  New  Zealand.  //.  hirla  R.  Br.  has  been  reported  from  Chile, 
Patagonia,  Falkland  Ifls.  and  Australia.  //.  Novae  Zclandiae  DC.  and  //.  tnicro- 
phylla  A.  Cunn.  seem  to  come  near  the  Chilean  //.  marchaiilioidcs  Clos.  and  H. 
Bonplandii  Kth.  Azorella  selago  Hook.  f.  is  known  from  Fuegia,  Falkland  Ids., 
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Marion  and  Crozet  Ms.,  Kerguelen  Id.,  Heard  Id.,  and  Macquaric  Id.,  thus 
belonging  to  the  oircuinpolar  type.  Schizeilema  Domin.  (12) :  2  in  South  America 
(Patagonia,  Fuegia,  Falkland  Ids.),  9  in  New  Zealand  and  the  Subantarctic  Ids., 
and  1  in  Australia.  Crantzia  lineata  Nutt.  in  the  United  States,  Mexico,  South 
America,  to  Fuegia  and  the  Falkland  Ids.,  New  Zealand,  Australia,  and  Tas- 
mania. The  form  in  Pacific  North  America  is  now  held  to  be  a  separate  species, 
C.  occidenlalix  (Coulter  and  Kose  as  Lilaenpsis).  Oreumyrrliix  Kndl.  (5-6):  all 
American  (Mexico,  Fuegia,  Falkland  Ids.),  one  of  them,  0.  andicola  (Lag.)  F^ndl. 
in  different  varieties  also  in  Now  Zealand,  Chatham  Id.,  Tasmania,  and  Aus- 
tralia. Apivm  mmlrak  Thouars  (south  Chile,  Patagonia,  Fuegia,  Falkland  Ids., 
and  Tristan  d'Acunha)  is  so  near  A.  prostratum  Labill.  (New  Zealand,  Kerniadec 
Id.,  Tasmania,  and  Australia)  that  they  are  united  by  many  authors.  Some 
argue  that  both  are  only  forms  of  A.  graveolens  L. 

CoRNACEAE.  Griseluiia  Forst.  (6):  4  in  central  and  south  Chile  (1  with  a 
variety  in  Brazil)  and  2  in  New  Zealand. 

Ekicaceae.  It  seems  that  the  group  Prionoteae  of  the  Epacridaceae,  often 
dwelt  >ipon  as  being  the  sole  members  of  that  order  in  America,  should  find  a 
more  suitable  place  among  the  Ericaceae,  on  account  of  the  non-existence  of 
essential  epacridaceous  characters,  especially  in  the  dehiscence  of  the  anthers. 
According  to  most  authors  the  group  includes  two  genera,  Prionotes  R.  Br.  and 
Lebetanthus  Endl.,  both  monotypic,  the  latter  formerly  known  as  Prionotes  also. 
I  can  not  find  any  valid,  distinctive  characters  (the  loculi  of  the  capsule  are 
many-seeded  in  bothi),  thus  we  have  one  genus,  Prionotes,  with  P.  cerinthoides 
Labill.  in  Tasmania,  and  P.  rnyrsinites  (Lam.)  Skottsb.  in  Fuegia.  The  genus 
seems  to  form  a  link  between  the  two  orders  spoken  of.  Gaultheria  serpylli folia 
(Lam.)  Skottsb.  (=  G.  microphylta  Hook,  f.)  stands  near  G.  antipoda  Forst.  in 
Tasmania  and  New  Zealand.  Pernetiya  Gaud.  (20  =*=)  all  American  (Central 
America  to  Fuegia  and  Falkland  Ids.)  except  P.  tasmanica  Hook.  f.  (Tasmania; 
forming  the  monotypic  section  Perandra)  and  P.  nana  Col.  (New  Zealand;  an 
Eupernettya,  as  are  all  the  rest  of  the  genus). 

Primulaceab.  Sanwlus  repens  Pers.  in  South  .Vmerica,  and  in  New  Zealand 
and  surrounding  islands,  Tasmania,  Australia  and  New  Caledonia. 

Gentianaceae.  According  to  Grisebach  Gcntiana  sect.  Andicola  comprises 
about  50  species,  all  Andine  except  2,  1  in  New  Zealand,  the  other  in  Tasmania; 
Sect.  Antarctophila  includes  only  a  few  species:  1  in  Tasmania,  1  in  Australia 
and  New  Zealand,  and  1  in  south  Chile,  Fuegia  and  Falkland  Ids. 

Boraginaceae.  Myosotis  L.  (50  ±):  2-1  in  New  Zealand  (1  also  in  Australia) 
and  surroimding  islands.  In  America  only  2  species,  1,  M.  antarctica  Hook, 
f.  hitherto  known  from  New  Zealand,  but  found  by  the  author  in  south  Pata- 
gonia; the  second,  M.  albiflora  Banks  ot  Sol.  endemic  in  Magellan,  but  related  to 
the  New  Zealand  species. 

Tetrachondraceae  (See  the  author's  paper  in  Engler's  Jahrb.,  l'J12).  A 
monotypic  order:  Tetrachondra  Petrie  (2):  T.  Hamillonii  (Kirk)  Petrie  in  New 
Zealand,  T.  patagonica  Skottsb.  in  Patagonia,  nearly  related  to  each  other. 

Scrophulariaceae.  Jovellana  R.  &  P.  (4-6) :  2  in  Peru  and  Chile,  2(^)  in 
New  Zealand.  Ourisia  Comm.  (28):  7  in  the  subtropical  Andes,  12  in  Chile,  8 
in  New  Zealand,  and  1  in  Tasmania.  Gratiola  peruviana  L.  in  South  America, 
New  Zealand,  Tasmania,  and  Australia.     Veronica  L.  sect.  Hebe  includes  75-80 
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species,  of  them  67  are  endemic  in  Xew  Zealand,  1  in  New  Zealand  and  eastern 
Australia,  and  V.  eUiptica  Forst.  in  New  Zealand  and  the  Subantarctic  Ids., 
Fuegia  and  Falkland  Ids.  I  have  compared  a  set  of  specimens  in  flower  and 
fruit  from  New  Zealand,  Fuegia  and  Falkland  Ids.  The  Falkland  plants  differed 
in  having  slightly  shorter,  broader  and  much  more  obtuse  calyx  and  corolla  lobes 
and  a  shorter  style,  but  the  Fuegian  specimens  agreed  verj'  well  with  those  from 
New  Zealand.  The  rather  variable  VeroHica  salicifolia  Forst.  from  New  Zealand 
also  includes  V.  Fonckii  Phil,  found  in  south  Chile  between  44°  and  45°  S.  (Eu- 
phrasia antarctica  Benth.  has  been  reported  from  South  America  and  New  Zealand, 
but  Wettstein  showed  that  the  latter  plant  is  a  very  distinct  species,  E.  zealandica 
Wettst.  All  the  species  in  New  Zealand  and  Australia  belong  to  Sect.  I,  Eueu- 
phrasia,  while  the  Chilean  and  other  plants  form  Sect.  II,  Trifidae). 

Plant.a.gin.\ce.\e.  Planlago  L.  sect.  Plantaginella  (13):  9  Andine  (Mexico, 
to  Fuegia  and  Falkland  Ids.),  1  in  New  Zealand,  1  in  New  Zealand,  Auckland 
Id.,  and  Tasmania,  1  in  Tasmania,  and  1  in  Australia. 

RuBucEAE.  Ncrlera  Banks  et  Sol.  (8-9).  2  in  eastern  Asia,  1  or  2  in  the  Phil- 
ippine Ids.,  1  in  Australia  and  4  in  New  Zealand,  among  the  latter  A',  depressa 
Banks  having  a  very  wide  distribution  (New  Zealand,  Auckland  aiid  Campbell 
Ids.,  Tasmania,  Australia,  Tristan  d'Acunha,  Mexico  to  Fuegia,  Falkland  Ids., 
Juan  Fernandez,  and  the  Sandwich  Idsr). 

C.\MP.\NnL.\cEAE.  Pratia  Gaud.  (20  ±):  3  in  New  Zealand,  4  in  Australia, 
1  in  New  Guinea,  3  in  .\sia,  1  in  the  Philippine  Ids.,  about  8  from  Andine  ,South 
America  to  Fuegia  and  Falkland  Ids. 

GooDEXurEAE.  Selliera  Cav.  (2):  1  in  West  Australia,  the  other,  5.  radicans 
Cav.  in  New  Zealand,  Tasmania,  Australia,  and  Chile. 

Stylidiaceae.  An  order  nearly  confined  to  the  Australian  region,  especially 
richly  developed  in  West  Australia;  3  species  of  Stylidium  (103)  in  the  monsoon 
region.  Phyllacne  Forst.  (4) :  3  in  New  Zealand  (1  also  in  Auckland  Id.  and 
Campbell  Id.),  1  in  Fuegia. 

DoNATiACEAE.  A  monotypic  order.  Donalia  Forst.  (2):  D.  fasciculata  Forst. 
in  south  Chile  and  Fuegia,  D.  Novae  Zelandiae  Hook.  f.  in  New  Zealand  (and 
Tasmania?). 

CoMPOsiTAE.  Lagenophora  Cass.  (IG):  6  in  New  Zealand,  4  in  Australia, 
1  in  Fiji,  1  in  Sandwich  Ids.,  4  in  Andine  South  .America  (1  extending  to  Fuegia 
and  Falkland  Ids.).  L.  Forsteri  DC.  (New  Zealand)  stands  rather  near  the  Chil- 
ean species.  Colula  L.  (50-60)  sect.  Leptinella;  well  developed  in  New  Zealand 
(17),  some  of  the  species,  especially  C.  piumosa  Hook.  f.  (New  Zealand,  Sub- 
antarctic Ids.,  Crozet  Id.,  Kerguelen  Id.)  is  near  C.  scariosa  (Cass.^  Franch. 
(south  Chile  to  Fuegia  and  Falkland  Ids.).  Abrotanella  Cass.  (14):  7  in  New 
Zealand,  2  in  Tasmania,  1  in  Victoria,  1  in  Rodriguez  Id.,  3  in  subantarctic 
America.  A.  muscosa  Kirk  (New  Zealand)  is  closely  allied  to  A.  cmarginala 
Cass.  (Fuegia,  Falkland  Ids.),  others,  as  A.  caespitosa  Petrie  and  ^1.  spathulata 
Hook.  f.  (Now  Zealand),  are  related  to  the  Fuegian  A.  linearifolia  Gray  and 
A.  submarginata  Gray. 

There  are  49  natural  orders  represented  in  the  above  hst. 
Even  if,  as  I  hope,  a  number  of  new  examples  have  been  added, 
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this  does  not  of  course  influence  the  nature  of  the  problem.  We 
know,  just  as  we  did  before,  that,  judging  from  the  actual  distri- 
bution of  plants,  there  is  an  Austrahan  and  New  Zealandic  ele- 
ment in  Andine  and  Subantarctic  America,  that  there  is  an  An- 
dine  element  in  New  Zealand  and  Australia,  and  that  there 
remain  genera,  or  even  orders,  wliich  are  virtually  bicentric  and 
form  what  one  might  perhaps  call  the  Old  Antarctic  element. 
Here  are  examples  of  the  three  groups:  (1)  Dacrydium,  Varices 
Echinochlaenae,  Leptocarpus,  Astelia,  Lomatia,  Emhothrium,  Orites, 
Drimys,  Aristotelia,  Drapetes,  Tepualia,  Epilobium  conjungens, 
Pseudopanax,  Myosolis,  Veronica  sect.  Hehe,  Phyllacne,  Lageno- 
phora,  Colula  sect.  Leptinella;  (2)  Carices  bracteosae,  et  aciculares, 
Enargea,  Phrygilanlhu^.  Acaenae  Acrobyssinoideae,  Euancistrae  et 
Laerigatae,' Gerania  chilensia,  Discaria,  Fuchsia,  Azorella,  Oreo- 
myrrhis,  Pernettya,  Jovellana,  Ourisia,  Plantago,  sect.  Planta- 
ginella;  (3)  Oreobolus,  Carpha,  Undnia,  Gaimardia,  Marsippo- 
spermum,  Rostkovia,  Libertia,  Xotfwfagus,  Laurelia,  Muhlenbeckia, 
Colobanthus,  Callha  sect.  Psychrophila,  Drosera  sect.  Psychophila, 
Eucryphia,  Gunnera,  Prionotes,  Tetrachondra,  Pratia,  Donatia, 
Abrotanella. 

We  must  certainly  remember  that  the  present  distribution  is 
often  a  poor  indicator,  that,  for  instance,  a  genus  now  well  rep- 
resented in  New  Zealand,  with  few  species  in  South  America, 
may  have  been  much  more  plentiful  in  the  latter  countr\-  in  by- 
gone times,  or  that  an  Antarctic  type  maj-  have  developed  manj' 
species  in  one  place  and  few  in  the  other. 

I  shall  trv  to  summarize  the  opinion  of  certain  important 
authors  on  the  problem  of  the  bicentric  subantarctic  tjTses.  In 
the  beginning  of  this  paper  I  quoted  Hooker's  I^lora  Novae  Ze- 
landiae.  If  we  can  not  at  this  date  subscribe  to  everj^thing  that 
he  wrote  60  years  ago,  we  can  on  the  other  hand  hardly  deny  that 
the  reasons  he  advanced  with  such  clearness  and  accuracy  against 
explaining  the  puzzling  distribution  of  many  tjTJes  simply  by 
adopting  a  "double  creation"  or  a  migration  of  seeds  right  across 
the  oceans,  are  still  valid.  It  stands  to  reason  that  even  with 
such  plants  as  have  suitable  means  of  dispersal,  a  coincidence 
of  chances  is  required  for  a  successful  migration,  and  for  a  great 
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many  it  is  most  improbable  that  they  ever  covered  such  enormous 
distances  under  conditions  similar  to  those  of  the  present  day. 
Even  Wallace  and  Engler,  who  are  thoroughly  oi)posed  to  the  bold 
theories  of  sunken  continents,  admit  the  Antarctic  Continent  may 
have  been  a  source  from  which  both  South  America  and  New 
Zealand  have  derived  species,  and  that  it  once  formed  some 
sort  of  a  passage  between  the  two. 

Diels  (Engler's  Jahrb.  22,  1S97)  has  treated  the  question  in 
an  admirable  way,  showing  how  geographical,  and  thereby  cli- 
matic changes  affected  the  New  Zealand  flora,  referring  to  the 
strong  evidences  of  the  existence  of  much  more  land  on  that  side 
of  the  pole  as  late,  perhaps,  as  in  the  Pliocene. 

Schimper  and  Schenck  (Wiss.  Ergebn.  d.  Deutsch.  Tiefsee- 
exped.  ^''aldivia,  II,  1905)  think  that  the  configuration  of  the  land 
has  been  much  the  same  as  now,  at  least  since  the  early  Tertiary, 
and  that  there  never  was  a  connection  between  the  Antarctic 
Continent  and  the  lands  surrounding  it,  the  depth  of  the  ocean 
being  too  great  to  permit  any  inteipretations  of  this  kind. 

Werth  (Deutsch.  Siidpolarexped.  8,  2)  is  opposed  to  such 
views  finding  that  we  must  reckon  with  the  Kerguelen  flora  as 
being  largely  of  Preglacial  age  and  as  occupying  more  land  at 
that  time  than  at  present,  or  we  shall  not  come  to  an  acceptable 
explanation  of  the  present  plant  distribution.  He  admits  that 
Postglacial  migrations  can  have  taken  place,  but  denies  that 
they  would  suffice  to  explain  the  actual  floras. 

Cheeseman,  in  his  recent  memoir  (The  Subantarctic  Islands 
of  New  Zealand,  vol.  2,  1909)  adopts  the  view  of  Schimper,  at 
least  for  the  dispersal  of  circumpolar  si)ecics  which,  if  they  could 
travel  to  Kerguelen  from  Fuegia  might  as  easily  continue  their 
course  from  there  and  finally  reach  Macquarie  Island  or  other 
places.  However,  he  admits  the  possibility  of  a  land  connection 
between  South  America  and  the  Antarctic,  as  well  as  a  larger  New 
Zealand,  bringing  it  nearer  to  Victoria  Land;  a  direct  commu- 
nication on  that  side  he  finds  very  improbable. 

Chilton  (Il)id.,  Summary  of  Results)  is  strongly  impressed 
by  tlie  great  number  of  facts  derived  froin  botany  and  zoology 
and  unanimously  pointing  towards  an  old  Antarctic  fauna  and 
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flora  that  has  spread  in  various  directions,  helped  by  land  con- 
nections. He  is  especially  struck  with  the  discovery  of  fossil 
plants  in  Graham  Land. 

I  shall  now  say  a  few  words  on  the  significance  of  this  inter- 
esting event.'  As  is  well  known,  fragments  of  fossil  wood  have 
been  obtained  also  in  Victoria  Land.  In  Hope  Bay,  Louis 
Pliilippe  Peninsula  (Graham  Land)  a  rich  Jurassic  flora  of  ferns 
and  conifers,  among  them  an  Araucariles,  was  found  by  Prof. 
J.  G.  Andersson.  There  is  also  one  Cretaceous  plant  reported 
from  the  same  locality,  i)robably  a  Sequoia.  The  fossil  wood  of 
Seymour  and  Snow  Hill  Lslands,  collected  by  the  membei-s  of  the 
same  expedition,  especially  by  Andersson  and  O.  Nordenskjold, 
includes  Podocarpoxylon,  Laurinoxyloji  and  Noihofagoxylon,  be- 
longing to  the  Upper  Cretaceous  or  more  probably  to  the  Ter- 
tiary, and  one  Pkyllodadoxylon  and  one  Dadoxylon  (Araucaria) 
which  are  known  to  be  Tertiary.  Dusen  judges  the  stratum  con- 
taining the  fossil  leaves  to  be  of  Oligocene  age.  The  reader 
gets  the  impression  that  the  determination  of  several  species  is 
very  doubtful,  and  I  shall  only  mention  those  in  which  there 
can  not  be  much  question  about  the  identification:  Miconii- 
phyllum  australe  Dus.  (at  least  a  jMelastomacea!),  Laurelia 
insularis  Dus.,  Drimys  antardica  Dus.,  Lomalia  angusliloba  Dus., 
L.  brevipinna  Dus.,  L.  serrulata  Dus.,  L.  seymourensis  Dus., 
Knightia  Andreac  Dus.,  Fagus  Dicksonii  Dus.,  F.  obscurn  Dus. 
(if  really  Fagus  and  not  Noihofagus),  Nothofagus  magellanica 
Engelh.,  A",  pulchra  Dus.,  Araucaria  imponens  Dus.,  and  some 
ferns.  With  the  single  exception  of  Miconiiphyllum  all  are  of 
profound  interest  for  the  question  dealt  with  in  this  paper. 
Dusen  denies  that  the  Seymour  flora  shows  any  relation  to  New 
Zealand,  and  points  out  that  Knightia  Andreae,  which  he  com- 
pares with  Knightia  cxcdsa  R.  Br.,  is  the  only  hint  at  an  affinity 
with  Australia,  although  this  plant  is  not  a  member  of  the  Aus- 
tralian flora  but  endemic   in  New  Zealand.     Phyllodadoxylon 

'  DusOn,  I'.,  Cbor  die  tertiiirc  Flora  der  Scymour-Insel.  Wiss.  Ergebn.  d. 
Schwed.  SUdpolarcxped.,  iii,  3,  1908;  Gothan,  \V.,  Die  Fossilcn  Holzer  dcr  Sey- 
mour und  Snow  Hill  Insoln.  Ibid.,  iii,  8,  1908;  Halle,  J.  G.,  The  Mesozoic  Flora 
of  Graham  Land.  Ibid.,  iii,  14,  1913. 
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antardicum  Gothan  is  another  example  of  the  New  Zealand 
element  in  the  Seymour  flora,  not  found  in  South  America. 

With  these  facts  at  hand  it  becomes  evident  that  there  existed 
an  Antarctic  Tertiary  flora  bearing  resemblances  to  the  present 
floras  of  Subantarctic  America,  New  Zealand  and  Australia,  and 
that  the  Antarctic  Continent  may  have  been  a  centre  of  evolu- 
tion from  which  animals  and  plants  wandered  north.  It  is  pos- 
sible that  the  endemic  element  in  other  austral  insular  floras 
had  the  same  origin,  as  for  instance  a  type  Uke  Pringlea,  now 
limited  to  the  Kerguelen  group.  There  probably  also  took  place 
an  interchange  of  species  across  the  South  Polar  lands.  I  have 
already  mentioned  that  a  great  many  biologists,  as  well  as  geolo- 
gists, believe  in  a  formerly  much  larger  Great  New  Zealand.  And 
for  Subantarctic  America  it  seems  probable  that  the  Falkland 
Island  were  connected  with  the  mainland  at  some  time  during 
the  Tertiary.  Both  geological  and  bathymetrical  conditions 
speak  in  favor  of  the  well-known  hypothesis  boldly  continuing 
the  Andes  over  South  Georgia,  the  South  Sandwich  and  South 
Orkney  Islands  to  Graham  Land.  That  the  sea  between  some 
of  the  links  in  this  broken  chain  can  not  be  styled  as  shallow, 
I  do  not  regard  as  an  insurmountable  obstacle,  for  we  know 
that  the  upheaval  of  the  Andes  was  connected  with  the  suljuier- 
sion  of  land,  so  that  enormous  depths  of  recent  origin  resulted 
right  along  the  present  coast  line  of  Chile.  The  Antarctic  Con- 
tinent may  have  been  more  extensive  in  Preglacial  time.  The 
upheaval  of  the  once  ice-covered  parts  of  Europe  and  North 
America  after  the  recession  of  the  inland  ice  has  been  interpreted 
as  due  to  a  tendency  in  the  earth's  crust  to  regain  isostatic  con- 
ditions, the  weight  of  the  ice  having  caused  a  considerable  de- 
pression. Such  a  theory  may  as  well  be  applied  to  the  Antarctic 
Continent,  submerged  under  the  tremendous  pressure  of  the  most 
extensive  inland  ice  that  ever  existed  (save  for  the  time  when  the 
same  ice  sheet  was  larger  still  than  it  is  now). 

Even  if  we  admit  Tertiary  land  conniiuuiciitions,  or  at  least 
much  greater  facilities  for  the  migrations  of  ])lants  and  animals 
than  now,  everything  in  the  present  distribution  can  not  be  ex- 
plained in  this  way.     South  Georgia  ofi"ers  a  good  example  of  this. 
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While  there  are  numerous  peculiar  cryptogams,  not  one  of  the 
higher  plants  is  endemic  except  the  subspecies  Austro-deorgiae 
Bitter  of  Acaena  adscendens  Vahl.  It  seems  hardly  possible  that 
the  higher  flora  survived  the  Glacial  Epoch;  it  must  have  reached 
this  isolated  island  in  Postglacial  time,  originating  from  the 
^Magellan  Lands,  where  all  the  species  in  question  are  at  home. 
Otlier  islands  may,  of  course,  have  received  part  of  their  flora 
in  the  same  "manner.  Naturally,  it  lies  at  hand  to  interpret  in 
this  way  the  distribution  of  such  species  as  range  over  the  whole 
Subantarctic  America,  having  additional  stations  in  the  New 
Zealand  region — or  the  reverse — and  such  as  belong  to  the  truly 
circumpolar  group.  I  can  come  to  no  other  conclusion  than 
that  the  present  distribution  of  the  organic  world  in  the  au.stral 
region  is  due  to  a  coml)ination  of  old  wanderings,  the  extinction 
of  certain  species  during  the  Ice  Age,  the  survival  of  others, 
and  finally  transoceanic  migrations,  which,  if  they  ever  took 
place,  are  still  going  on. 
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IV 

THE   RADIO-ATMOMETER 

Thfi  Instrument  and  its  Use.  The  porous  cup  atmometer,  as 
has  been  seen,  exposes  an  imbibed  porous  evaporating  surface 
in  much  the  same  way  as  the  evaporating  surfaces  of  organisms 
are  exposed.  Our  discussion  of  the  instrument  has  thus  far  dealt 
with  it  as  a  means  for  studying  the  evaporating  power  of  the  air 
as  this  influences  water  loss  from  plants  and  animals.  The  term 
evaporating  power  of  the  air  imj^lies  the  power  of  the  air  to  re- 
move water  from  some  arbitrarily  adopted  standard  surface 
and  it  is  calculated  to  include  the  effects  of  air  temperature,  air 
humidity  and  air  movement.  As  has  been  mentioned,  however, 
the  temperature  of  the  surface  plays  an  important  role  in  de- 
termining the  rate  of  water  loss,  and  this  surface  temperature 
may  not  always  depend  merely  upon  air  temperature;  may  be 
strongly  influenced  by  conditions  effective  within  the  instrument, 
as  by  the  temperature  of  the  contained  water  mass.  It  is  very 
difficult  to  distinguish  between  the  influences  exerted  by  these 
two  sources  of  heat  in  evaporation  phenomena  and  no  serious 
attempt  has  yet  been  made  in  this  direction. 

There  is,  however,  another  important  influence  frequently 
exerted  upon  the  evaporation  rate  from  any  surface,  which  may 
or  may  not  be  related  to  the  surface  temperature  but  wliich  is 
distinctly  not  related  to  air  temperature;  nor  is  it  directly  related 
to  any  other  atmospheric  condition.  This  is  the  intensity  of 
radiant  heat  absorption  by  the  evaporating  surface.  This  ab- 
sorption is  of  course  dependent  upon  the  intensity  of  the  imping- 
ing rays  and  upon  the  absorptive  power  for  these  rays,  possessed 
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by  the  surface  in  question.  Practically  the  only  radiant  energy 
in  nature,  with  wliich  students  of  evaporation  and  plant  trans- 
jiinitioii  are  apt  to  be  concerned,  is  that  from  tlie  sun.  Our 
discussion  will  have  mainly  to  do  with  tliis. 

To  make  the  matter  before  us  clear,  let  it  be  supposed  that 
an  ordinary  standardized  porous  cup  is  operated  in  the  open, 
in  the  vertical  position.  As  the  sun  rises  in  the  morning  its  rays 
strike  one-half  of  the  evaporating  surface,  their  direction  being 
approximately  perpendicular  to  the  long  axis  of  the  cup.  Now, 
if  any  of  the  impinging  nidiant  energy  (heat,  light)  is  absorbed 
by  the  cup,  this  should  increase  the  rate  of  water  loss  on  the 
sunny  side.  With  a  given  intensity  of  impinging  radiation  the 
amount  absorbed  by  the  surface  is  determined  by  the  absorbing 
power  of  the  latter  and  by  the  angle  at  which  the  rays  strike. 
In  the  case  here  supposed,  the  Avhite  porcelain  cup  possesses  low 
absorbing  power  and  a  large  proportion  of  the  impinging  energy 
is  reflected.  But  the  white  cup  does  of  course  possess  some 
absorbing  power.  Of  the  various  parts  of  the  illuminated  sur- 
face, that  portion  receiving  the  rays  most  nearly  perpendicularly 
must  of  course  absorb  the  most  energy.  This  portion  is  rep- 
resented by  a  line  on  the  cylindrical  sm-face,  marking  the  middle 
of  the  illuminated  area.  At  the  edges  of  this  area  the  angle  of 
incidence  of  the  radiation  vanishes,  and  between  the  middle  line 
and  the  edge  this  angle  ranges  in  magnitude  from  0°  to  90°. 
But,  for  a  given  kind,  intensity  and  direction  of  radiation,  the 
total  absorption  of  energy  should  remain  approximately  the 
same  for  the  whole  illuminated  area  taken  together,  no  matter 
what  .side  of  the  cup  is  illuminated.  If  the  average  angular 
exposure  of  the  cup  to  the  impinging  radiation  might  be  kept 
the  same  throughout  the  day,  and  if  all  parts  of  the  cup  sur- 
face might  have  just  the  same  absorbing  ])ower,  then  the  effect 
of  sunliglit  in  accelerating  evaporation  should  simph'  be  added 
to  the  effects  of  the  atmospheric  e\'aporating  power,  from  minute 
to  minute  or  from  hour  to  hour. 

As  the  sun  carries  out  its  daily  march,  however,  the  angle 
or  incidence  of  its  rays  upon  a  vertical  cylindrical  cup  varies 
markedly.     At  noon  the  area  of  the  cup  receiving  rays  perpendicu- 
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larly  is  usually  (depending  upon  latitude  and  season)  but  a 
small  portion  of  the  hemispherical  tip.  At  sunset  again,  this 
area  is  approximately  represented  by  the  middle  line  of  the 
illuminated  area,  just  as  at  sunrise,  but  on  the  opposite  side 
of  the  cup.  If  it  were  not  for  the  fact  that  the  absorbing  power 
for  radiation,  of  the  white  porous  porcelain,  is  very  low,  these 
conditions  would  vitiate  the  atmometric  readings  as  indicating 
the  evaporating  power  of  the  air.  Actually,  this  atmospheric 
evaporating  power  can  be  measured  only  m  the  absence  of  appre- 
ciable radiation;  practically,  the  absorbing  power  of  the  white 
porcelain  is  so  low  that  the  entire  influence  of  sunshine  may  be 
neglected,  for  most  purposes  at  least.  The  radiation  is  received 
but  is  ahnost  entirely  reflected  and  not  absorbed. 

The  mean  angular  exposure  of  the  cup  to  the  sun's  rays,  may 
be  held  constant  by  placing  the  instrument  obliquely  instead 
of  vertically,  the  tip  pointing  northward  (in  the  northern  hemi- 
sphere) and  the  whole  cup  so  tilted  that  the  sun's  rays  will  con- 
tinue all  day  to  impinge  perpendicularly  to  the  long  axis  of  the 
cup.  Such  a  position  is  not  the  same  throughout  the  year,  how- 
ever, and  frequent  adjustments  are  necessary;  the  cup  should  be 
the  most  nearly  vertical  at  the  winter  solstice  and  most  nearly 
horizontal  at  that  of  summer.  Such  changes  in  the  position  of 
the  cup  might  result  in  differences  in  its  effective  exposure  to  air 
movement,  and  for  most  lines  of  study  it  is  probably  best — and 
it  is  certainly  satisfactory— to  give  the  cup  the  vertical  position 
and  to  neglect  the  possible  variation  in  exposure  due  to  angular 
variations  with  reference  to  solar  radiation.  This  refers  to  or- 
dinary measurements  of  the  evaporathig  power  of  the  air,  where 
the  influence  of  sunshine  is  not  particularly  considered. 

The  possible  influence  of  sunshine  upon  evaporation,  having 
been  once  appreciated,  it  became  desirable  to  devise  some  means 
by  which  this  influence  might  be  approximately  measured. 
Especially  is  this  needed  for  analytical  studies  of  the  conditional 
control  of  plant  transpiration,  where  the  absorption  of  radiant 
energy  by  foliar  surfaces  is  frequently  more  important  than  the 
atmospheric  e\'aporating  power  itself. 

At  first  thought  it  seems  feasible  to  expose  two  quite  similar 
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atmometer  cups,  one  shaded  from  the  sun's  rays  and  one  exposed 
to  them,  and  to  derive  from  the  differences  between  their  rates 
of  evaporafion  a  measure  of  the  power  of  the  sunshine  to  accelerate 
this  process.  But  to  do  this  it  is  requisite  to  give  the  two  in- 
struments the  same  exposure  in  all  other  respects,  and  the  prob- 
lem of  establishing  shade  conditions  without  also  modifying  wind 
conditions,  for  example,  is  a  very  difficult  one. 

An  alternative  method  was  suggested.  Let  one  cuj)  remain 
white  and  let  the  other  be  blackened,  so  as  to  absorb  as  much 
radiation  as  possible,  and  let  the  two  be  exposed  side  by  side  with- 
out any  shade.  The  difference  between  the  readings  of  the  two 
instruments  should  be  a  measure  of  the  effectiveness  of  the  sun's 
rays  (during  the  particular  time  period  in  question)  in  promoting 
evaporation.  To  avoid  the  difficulty  jiointed  out  above,  let  both 
cups  have  an  oblique  position,  such  that  the  sun's  raj's  will  fall 
perpendicularly  to  the  long  axis  thi'oughout  the  day.  Such  an 
arrangement  was  first  tested  at  the  Desert  Laboratoiy,  during 
the  summer  of  1907,  with  such  promising  results  that  consider- 
able attention  has  since  been  given  to  its  perfecting,  as  the 
radio-almovteler .-'' 

Porous  cups  were  finallj'  obtained,  of  the  usual  form  but  dark 
brown  in  color  and  exhibiting  a  high  power  of  light-heat  absorp- 
tion. Also  white  cups  were  blackened  by  the  use  of  washed 
lampblack  and  also  (a  suggestion  of  Prof.  F.  E.  Lloyd  of  McGUl 
University)  by  the  use  of  the  so-called  water-proof  liquid  draw- 
ing ink  obtainaljle  from  dealers  in  artists'  sujiplies.  The  black- 
ened cups  possess  a  slightly  higher  jiower  of  light-heat  absorption 
than  do  the  brown  ones,  but  the  latter  have  the  advantage  of 
retaining  their  color  while  the  black  coatings  so  far  emploj^ed 
are  rather  easily  removed,  as  by  rain,  etc.  Until  quite  recenth^ 
it  has  been  impossible  to  obtain  a  black  porous  porcelain,  though 
an  attempt  in  this  direction  lias  been  in  progress  for  a  number 
of  years. 

During  hours  of  sunlight  the  dark  cup  gives  off  more  water 
than  the  white  one,  assuming  that  both  evaporate  at  the  same  rate 

-'  Livinfrston,  H.  E.,  A  radio-atmometer  for  comparing  light  intensities. 
Plant  World  14:  96-99,  1911. 
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in  darkness.  The  radiant  energj-  absorbed  is  converted  (with  or 
without  passing  tlu-ough  the  phase  of  heating  the  water  and  cup 
wall)  into  the  heat  of  vaporization  of  water.  The  dark  cup  be- 
comes little  if  at  all  warmer  than  the  white,  at  least  in  summer 
at  Tucson,  Arizona,  where  many  of  the  tests  of  this  new  instru- 
ment have  been  carried  out.  Both  cups  are  always  considerably 
cooler  than  the  air,  which  makes  it  evident  that  no  absorbed 
heat  is  conducted  outwardly  from  the  cup.  The  difference  in 
water  loss  from  the  two  cups  is  thus  an  approximate  measure 
of  the  difference  between  the  amoiuits  of  radiant  energy  absorbed. 
This  difference  tells  nothing  definitely  about  the  radiation 
striking  the  dark  cup,  no  doubt  some  of  the  latter  is  reflected, 
but  a  much  larger  proportion  is  reflected  from  the  white  cup  than 
from  the  dark  one. 

For  studies  in  plant  transpiration  it  was  necessary  to  find  out 
to  what  degree  the  dark  atmometer  behaves  like  plant  foliage, 
when  exposed  to  variations  in  sunhght  intensity.  Tests  of 
this  matter  were  carried  out  by  exposing  plants  and  instru- 
ments, standing  side  by  side,  to  full  sunshine  and  to  various 
degrees  of  shade,  for  consecutive  time  intervals,  and  deter- 
mining the  transpirational  losses  from  the  plants  and  the  evap- 
oration from  the  instruments.  The  results-^  showed  that  the 
dark  cup  is  affected  in  quite  the  same  manner,  qualitatively, 
as  are  plants,  by  changes  in  sunsliine  intensity.  The  radio- 
atmometer  was  thus  established  as  a  valuable  instrument  in 
studies  of  plant  transpiration.  It  appears  from  the  paper  just 
cited  that  different  plants  are  differently  affected  bj^  variations 
in  sunlight  intensity,  as  was  indeed  to  be  expected,  the  power 
of  absorbing  solar  radiation  is  thus  shown  to  be  an  important 
physiological  property  of  plants,  a  pi'operty  reciuiring  study 
before  plant  water  relations  can  be  logically  analyzed. 

The  radio-atmometer  is,  then,  an  instrument  for  measuring 
the  effectiveness  of  solar  radiation  as  an  accelerator  of  evapora- 
tion. This  is  exactly  what  its  name  implies.  It  has  not  been 
shown  to  be  available  for  measuring  solar  radiation  as  a  whole, 

"Livingston,  B.  E.,  Light  intensity  and  transpiration.  Bot.  Gaz.  62:418- 
438,  1911. 
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though  its  readings  no  doubt  approximate  such  measurements 
to  a  greater  or  smaller  degree.  It  is  further  to  be  emphasized 
that  this  instrument  gives  no  information  as  to  the  qiuility  of 
the  radiations  received;  it  is  only  as  energy  (familiarly,  as  heat) 
that  varying  or  differing  intensities  are  to  be  studied  by  this 
means.  Thus,  as  is  shown  in  the  paper  last  cited,  actinonietric 
measurements  of  solar  intensity  may  be  expected  frequently  to 
be  in  disagreement  with  those  obtained  by  means  of  the  radio- 
atmometer. 

Not  the  least  important  consideration  in  regard  to  the  radio- 
atmometer  is  the  fact  that,  like  the  atmometer  itself,  it  is  an 
automatically  integrating  instrument ;  if  read  hourly  it  gives  the 
total  effectiveness  of  absorbed  radiation  for  each  hour,  if  read 
weekly  or  monthlj^  it  gives  weekly  or  monthly  summations,  etc. 

Standardization  of  Dark  Cups.  The  dark  cups  for  the  radio- 
atmometer  are  standai'dized  in  the  same  manner  as  are  the  white 
ones,  only  the  standardization  must  never  be  carried  out  in 
sunlight.  Ordinary  diffuse  daylight  seems  to  be  of  too  weak 
intensity  sensibly  to  affect  the  water  lo.ss  from  the  dark  cup. 
From  the  nature  of  the  case  it  will  be  seen  that  the  corrected 
readings  of  a  dark  and  of  a  white  cup  should  be  practically  iden- 
tical for  the  hours  of  darkness.  At  sunrise  these  two  corrected 
values  (of  hourly  readings,  for  example)  begin  to'  di\-erge,  that 
from  the  dark  cup  becoming  greater  than  the  other,  and  they  re- 
main divergent  throughout  the  day  unless  it  is  very  dull.  At 
sunset  the  two  values  again  come  together.  The  amount  of 
divergence,  for  any  hour,  etc.,  is  a  measure  of  the  intensity  of 
solar  radiations  for  that  period,  in  so  far  as  such  radiation  maj^ 
accelerate  evaporation  from  an  imbibed  surface. 

With  some  preliminary  work  on  the  relation  of  rate  divergence 
(of  the  two  cups)  to  visible  brightness  of  sunshine,  the  radio- 
atmometer  should  become  available  as  a  simple  and  exceedingh- 
sensitive  sunshine  recorder. 

The  Spherical  Atmometer  Cup.  It  has  been  said  that  the  cups 
for  radio-atmometry  must  be  placed  at  a  certain  angle  with  the 
vertical  and  that  this  angle  must  be  altered  every  few  days, 
with  the  advance  of  the  season.     It  was  at  once  obvious  that 
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such  adjustment  might  be  avoided  through  the  use  of  spherical 
porous  cups.  Such  cups,  with  a  cyUndrical  neck  projecting 
downward,  for  attachment  to  the  water  tubes,  should  present 
the  same  range  of  angle  of  incidence  to  the  sun's  rays  at  all 
times  of  the  day  and  year;  at  all  times  during  sunlight  a  hemi- 
sphere of  surface  must  be  illuminated.  The  obtaining  of  black 
and  white  spheres,  of  correct  size,  porosity,  etc.,  was  then,  of 
prime  importance  for  the  development  of  radio-atmometry.  For 
several  years  the  writer  has  been  endeavoring  to  have  the  requi- 
site spheres  manufactured  and  perfect  ones  have  not  yet  been 
obtained.  Quite  independently,  Prof.  W.  L.  Tower,=«  of  the 
University  of  Chicago,  has  obtained  black  and  white  spheres, 
which  he  has  had  in  use  for  considerable  time,  with  very  satisfac- 
tory results.  It  is  hoped  that  spherical  porous  cups  may  soon 
be  placed  upon  the  market.  When  this  becomes  possible,  the 
development  of  the  radio-atmometer  should  proceed  rapidly. 

With  the  advent  of  spherical  cups  a  new  standard  will  need 
to  be  adopted,  for  of  course  it  will  not  be  possible  to  establish 
a  generally  constant  relation  between  the  sphere  and  the  cyhn- 
drical  cup  or  between  them  and  any  water  surface.  As  far  as 
ordinary  atmometry  is  involved,  however,  there  appears  no 
reason  why  the  cyhndrical  cup  may  not  be  as  satisfactory  as 
the  white  sphere.  It  is  only  when  radiation  intensity  is  to  be 
studied  that  spherical  cups  have  any  considerable  advantage 
over  the  ordinary  cylindrical  type. 

"  Announc'cment  of  Prof.  W.  L.  Tower's  work  in:  MacDougal,  D.  T.,  .\iiiiual 
report  of  the  Director  of  the  Dep.artment  of  Botanical  Research.  Year  Book 
Carnegie  Inst.  Wash.  12:  57-87.  1914.     Page  71. 
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Forest  Climatology. —  A  comparative   study   of    climatic    condi- 
tions in  pine  forest  and  in  open  natural   "park"  has  been  made  by 
Pearson'  at  Fort  ^■alley,  at  an  elevation  of  720U  feet  in  northern  Arizona. 
Air  and  soil  temperatures,  humidity,  evaporation,  precipitation,  ami 
wind  were  measured  at  a  station  in  the  forest,  one  on  the  edge  of  the 
forest,  and  one  in  the  park.     Substantial  tlitfercnces  in  all  of  the  climatic 
conditions  except  precipitation  were  discovered.     There  was  a  differ- 
ence of  6.4°  between  the  mean  minimum  temperatures  of  forest  and 
park,  the  latter  having  the  lower  range.     The  mean  maximum  was 
about  1°  higher  in  the  park  than  in  the  forest.     The  thermometers 
in  the  park  were  5|  feet  from  the  ground;  a  comparative  set  of  read- 
ings taken  8  feet  from  the  ground  showed  a  mean  mininmm  2°  higher, 
with  nearly  identical  maxima.     A  comparison  of  minima  in  the  forest 
and  in  a  cut-over  area  of  the  same  topographic  situation,  showed  a 
mean  about  2°  lower  in  the  clearing.     These  results  are  taken  to  indi- 
cate that  radiation  is  partly  responsible  for  the  lower  minima  of  the 
park,  and  that  cold  air  drainage  is  also  partly  responsible  for  the  differ- 
ence.    The  mean  summer  temperature  of  the  soil  at  a  dept  h  of  2  feet 
was  about  5°  higher  in  the  park  than  in  the  forest.     The  mean  humidity 
of  summer  was  about  2.5%  higher  in  the  forest,  and  that  of  the  winter 
about  4%  higher  in  the  park.     The  mean  daily  wind  movement  in 
all  months  was  about  twice  as  great  in  the  park  as  in  the  forest.     The 
evaporation  at  the  edge  of  the  forest  was  from  25  to  50%  higher  than 
in  the  forest.     The  other  data  for  the  edge  of  the  forest  are  commonly 
midway  between  the  values  for  the  forest  and  the  park.     The  influence 
of  the  described  differences  of  climate  on  the  fate  of  seedling  pines 
was  shown  by  planting  two-year  old  trees  in  the  forest  and  on  the  edge 
of  the  park.     In  the  forest  90%  survived,  and  on  the  edge  of  the  park 
only  11%  survived  at  the  end  of  one  month  in  the  arid,  windy  season. 
It  is  difficult  to  overestimate  the  importance  of  such  work  as  Pear- 
son's for  the  placing  of  silvicultural   methods  on  a  sound  scientific 

•  Pearson,  G.  A.,  .\  motoorological  study  of  parks  and  timbered  areas  in  the^ 
western  yellow  pine  forests  of  Arizona  and  \ew  Mexico.     Mo.  Weather  Rev., 
41:  1(515- 102!).     1914. 
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basis.  All  problems  in  afforestation  and  manj-  problems  in  refor- 
estation have  to  be  attacked  on  the  basis  of  the  physical  conditions  of 
open  country  rather  than  on  those  of  a  mature  forest.  Those  who 
have  only  a  text-book  acquaintance  with  cUmatology,  and  recall  the 
widely  separated  isothermal  and  isoanemic  lines  of  the  smoothly  con- 
structed maps,  may  find  it  difficult  to  realize  that  very  considerable 
and  very  important  differences  of  climate  may  exist  within  a  stone's 
.  throw  of  each  other  on  account  of  topography  or  dissimilar  vegetations. 
The  experienced  forester  knows  that  such  is  the  case,  and  appreciates 
the  value  of  a  knowledge  of  these  differences  in  handfing  the  forests 
in  such  a  manner  as  to  secure  the  optimum  reproduction. — Forrest 
Shheve. 

Rest  Period. — The  occurrence  of  a  rest  period  in  plants  has  been 
the  subject  of  an  immense  amount  of  investigation.  During  this  rest 
period  certain  physical  and  chemical  changes  are  continually  going 
on  which  are  essential  to  the  release  of  the  growth  processes  and  to 
these  changes  is  given  the  name  "after-ripening."  A  survey  of  the 
literature  on  the  underlying  causes  of  this  phenomenon  reveals  the 
presence  of  two  widely  diverse  opinions  one  of  which  claims  that  the 
rest  period  is  a  direct  response  to  changing  external  conditions  and 
the  other  that  it  is  the  result  of  fixed,  hereditary,  internal  causes.  From 
a  study  of  the  rest  period  in  potato  tubers  Appleman-  has  made 
some  important  contributions  to  our  knowledge  of  this  subject.  He 
shows  that  the  latter  explanation  is  inadequate  in  that  the  rest  period 
may  be  entirely  eliminated.  He  was  al)l(>  to  sprout  potatoes  at  any 
time  by  removing  the  skins  and  supplying  favorable  conditions  for 
growth.  Sprouting  in  new  potatoes  may  be  .stimulated  by  subdued 
light  or  by  wrapj)ing  them  in  cotton  saturated  with  hydrogt'n  peroxide 
which  is  decomposed  by  catalase  within  the  tubers.  The  rest  period 
is  therefore  to  be  regarded  as  correlated  with  the  supply  of  oxygen 
to  the  internal  tissues  which  in  nature  is  regulated  by  skin  characters. 
That  water  absorption  is  not  the  prime  factor  is  shown  since  tubers 

2  Appleman,  C.  O.,  Study  of  rest  period  in  potato  tubers.  .Md.  .Asr.  E.\p. 
Sta.  Bui.  18.3:  181-226,  figs.  17.  1914.  Physiological  behavior  of  enzymes  and 
carbohydrate  transformations  in  after-ripening  of  the  potato  tuber.  Bot.  Gaz. 
52:  .TOG-Slo.  1911.  Changes  in  Irish  potatoes  during  storage.  Md.  .'\gr.  Exp. 
Sta.  nul.  167:  .327-.3.34.     1912. 
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whoso  skins  arc  lomovcd  will  sijiout  even  in  iliy  storage  mucli  earlier 
than  those  whose  skins  are  intact. 

Since  lespiration  in  stored  potatoes  lMH'f)nics  very  weak  just  above 
the  freezing  point  and  there  is  consequently  little  conversion  of  starch 
and  sugar  this  temperature  is  best  suited  for  the  storage  of  seed  pota- 
toes. After  long  exposure  to  this  temperature!  sugar  to  the  amount 
of  3  or  4%  may  have  accumulated  at  the  expense  of  the  starch  content. 
About  four-fifths  of  tliis  accumulated  sugar  may  be  converted  back 
into  starch  after  several  days  exposure  of  the  tul)ers  to  a  temperature 
of  70-75°  F.—F.  A.  Wolf. 


NOTES  AND   C0M:\IENT 

Mr.  A.  G.  Tansley,  of  Cambridge  Universitj-,  has  recently  distributed 
in  collected  fonn  the  papers  which  he  has  been  contributing  to  The 
New  Phj-tologist  on  the  International  Phytogeographic  Excursion  in 
the  United  States  in  the  summer  of  1913.  These  papers  not  only 
serve  as  a  narrative  of  the  Excursion  but  also  afford  a  valuable  sketch 
of  the  vegetation  of  the  localities  which  it  visited.  The  author  speaks 
enthusiastically  of  "the  overwhelming  impressions  of  American  land- 
scapes and  vegetation"  which  he  received.  He  further  states  that  one 
of  the  most  vivid  impressions  he  obtained  in  this  countiy  was  of  the 
earnestness  and  single-mindcdness  of  American  science. 

Dr.  Robert  F.  Griggs,  of  Ohio  State  University,  has  contributed  a 
paper  to  the  Bulletin  of  the  American  Geographical  Society  (March) 
on  the  effects  produced  by  the  eruption  of  the  Alaskan  volcano  of 
Katmai  on  the  vegetation  of  the  surrounding  region.  The  effect  of 
the  covering  of  ash  has  varied  with  its  thickness  and  with  the  gradient 
of  the  slopes  on  which  it  fell.  Trees  were  heavily  loaded  but  have 
survived,  alders  in  the  near  vicinity  of  the  volcano  suffered  the  loss  of 
their  leaves  and  j'oung  buds,  and  the  herbaceous  vegetation  of  bogs 
and  tundra  was  completely  covered,  so  that  these  areas  now  resemble 
sand  plains  and  are  in  a  condition  such  as  to  make  their  revegctation 
a  slow  process. 

The  papers  submitted  in  competition  for  the  prizes  offered  by  The 
Plant  Would,  and  announced  in  the  April  issue,  will  be  judged  by 
the  following  men:  Dr.  H.  C.  Cowles,  Dr.  B.  M.  Duggar,  Prof.  B.  E. 
Livingston,  Dr.  D.  T.  MacDougal,  Dr.  J.  B.  Overton,  Prof.  G.  J. 
Peirce,  and  Dr.  H.  M.  Richards. 

Macmillan  and  Company  announce  that  they  have  in  press,  as  one 
of  their  series  of  Science  Monographs,  a  volume  on  The  Mutation 
Factor  in  Evolution;  with  Particular  Reference  to  Oenothera,  by  Dr. 
Reginald  R.  Gates. 
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SOME  REMARKS  ON  THE  DESERT  VEGETATION  OF 

AMERICA 

OVE  PAULSEN 
Copenhagen,  Denmark 

Having  been  asked  by  one  of  the  leaders  of  the  International 
Phytogeographical  Excursion  in  America  to  publish  a  paper  in 
The  Plant  World  I  have  pleasure  in  doing  it — indeed  I  would 
do  a.great  deal  more  in  order  to  show  my  gratitude  for  the  great 
hospitality  shown  to  me  in  America,  and  more  especially  for  the 
admirable  organization  of  the  excursion  and  the  heavy  amount  of 
work  done  by  its  conductors. 

On  the  other  hand,  having  no  thorough  knowledge  of  Ameri- 
can vegetation  I  will  restrict  myself  to  some  few  remarks  on  the 
desert  vegetation  of  America. 

It  was  of  the  greatest  interest  to  me  to  note  the  difference 
in  vegetation  as  the  party  moved  westward  from  the  east  Ameri- 
can forests,  in  the  drier  parts  of  wliich  oak  has  displaced  beech, 
and  to  see  in  the  proper  order  the  succeeding  vegetations:  pi'airies, 
plains,  sage  brush.  Some  years  ago  I  travelled  tlii'ough  Russia 
to  Transcaspia  and  saw  the  same  succession:  beech,  oak,  steppes, 
,\i-temisia  plain,  and  then  came  the  true  desert  in  the  hottest 
and  driest  regions.  In  America  we  hardly  saw  any  desert  so 
barren  and  desolate  as  those  in  Inner  Asia,  but  what  came 
nearest  to  it  was  the  vegetation  at  Mecca,  California. 

Some  members  of  the  excursion  argued  that  what  was  shown 
them  as  deserts  were  not  deserts  but  different  forms  of  steppes, 
many  phytogeographei-s  regarding  all  xerophytic  and  not  too 
scattered  vegetation  as  steppes.  As  I  have  dealt  with  this 
question  elsewhere  I  shall  not  enter  ui)on  it  here  but  shortly 
remark  that,  in  my  opinion,  it  is  better  to  restrict  the  term 
steppe  to  that  vegetation  which  is  often  called  grass-steppe 
and  which  may,  in  short,  be  defined  as  a  nearly  closed  vegeta- 
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tion  of  more  or  less  xerophytic  herbs,  especially  hemicryptophytes 
growing  in  a  soil  containing  humus — but  no  sulphides  or  chlo- 
rides, and  where  the  moisture  is  greater  in  the  upper  laj'ers. 

This  definition  which  is  nearly  in  agreement  with  that  of 
Schimper  and  of  Tanfiljew,  apphcs  to  the  Great  Plains  in  Amer- 
ica, as  we  saw  them  at  Akron,  Colorado. 

As  deserts  I  would  term  plant  formations  the  soil  of  which 
is  devoid  of  humus  or  very  poor  in  it  and  contains  often  sul- 
phates or  chlorides.  The  formations  are  very  open  and  they 
frequently  include  trees  and  slu'ubs,  which  together  with  long- 
lived  herbs  are  strongly  adapted  to  drought.  Spring-plants 
are  numerous. 

Desert,  thus  defined  includes,  presumably,  all  that  in  .\jncr- 
ica  is  called  desert,  from  the  sage  brush  i)lains  to  salt  flats,  sand 
deserts  and  the  shrub  and  cactus  desert  in  Arizona. 

It  is  indeed  a  wide  range  for  one  term  to  cover,  too  wide  for 
a  scientific  term.  It  might  be  regarded  as  a  provisional  term, 
and,  as  the  different  forms  of  desert  become  successively  prop- 
erly known  and  described,  experience  and  comparison  might 
teach  one  how  to  distinguish  and  how  to  term  them  scientifically. 

The  comparison  could  be  made  by  aid  of  the  S3'stem  of  gi-owth- 
forms  established  by  Raunkiaer.  This  distinction  of  growth- 
forms  is  based  upon  the  degree  of  protection  afforded  to  the 
buds  which  survive  the  unfavourable  season  of  the  j'ear,  this 
being  the  season  which  limits  the  distribution  of  plants. 

Raunkiaer's  system  enables  us  to  express  statistical  data 
for  the  different  regions  which  can  then  be  numericallj^  com- 
pared by  their  "biological  spectra."  By  this  term  is  meant 
the  percentage  of  the  dilTerent  growth-forms  (biological  types) 
of  the  region  in  question.  By  the  making  of  a  biological  spec- 
trum all  species,  rare  or  common,  are  alike  in  importance.  On 
the  other  hand,  in  studying  plant  formations,  Raunkiaer  (1909) 
has  made  up  a  method  by  which  firstly  the  species  composing  the 
formation  are  given  a  character  in  numerals  indicating  their 
frequency,  and  secondly  the  growth-forms  get  their  statistics 
representing  the  r61e  they  play  in  the  plant-society. 

Had  there  been  time  enough  the  writer  could  perhaps  have 
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undertaken  the  task  of  trying  to  make  some  American  desert 
statistics  in  the  field  after  tliis  scheme.  Yet  from  complete 
plant-lists  biological  spectra  can  be  made  but  there  must  neces- 
sarily be  some  mistakes  as  to  the  growth-forms  to  which  the 
different  species  belong.  In  what  follows  an  attempt  will  be 
made  to  construct  biological  spectra  of  the  deserts  we  saw  during 
the  I.  P.  E.  in  America,  but  no  attempt  will  be  made  to  make 
statistics  of  the  frequency  of  the  growth-forms,  as  this  work 
must  be  done  in  the  field. 

First  it  will  bo  appropriate  to  define  the  biological  types 
(growth-forms)  established  by  Raunkiaer. 

The  Fanerophytes  (trees  and  shi-ubs)  constitute  the  first 
t>-pe,  their  dormant  buds  being  attached  to  branches  which 
project  freely  into  the  air.  They  are  in  a  certain  sense  the  least 
protected  and  accordingly  are  very  dominant  in  countries  wliere 
the  conditions  are  always  favourable  (moist  tropics). 

The  next  group  is  the  Chamaephytes,  with  their  dormant 
buds  situated  on  the  surface  of  the  soil  or  just  above  it  (limit: 
.30  cm.).  They  include  plants  with  above-ground  creeping 
and  persistent  shoots,  cushion-plants  and  undershrubs,  the  lat- 
ter being  conspicuous  by  the  distal  or  apical  parts  of  the  shoots 
dying  away  during  the  unfavourable  season. 

Then  follow  the  Hemicryptophytes  which  have  their  buds 
placed  in  the  svuface  of  the  soil. 

The  Crjqitophytes  form  the  fourth  group  characterized  by 
the  dormant  buds  being  subterranean  or  subaquatic.  Aquatic 
plants  have  been  omitted  in  this  paper,  only  Geophytes  are 
reckoned  with. 

The  Therophytes  or  plants  of  the  fa\'ourable  season  are  the 
best  protected,  as  they  live  through  the  unfavourable  season 
as  seeds;  they  are  thus  annual  plants. 

These  groups  are  further  subdi\-ided  but  -no  use  is  made  of 
the  subdivisions  here,  as  the  writer  is  not  well  enough  acquainted 
with  American  plants. 

The  procedure  in  making  the  biological  spectra  was  this: 
The  plants  were  listed,  the  growth-form  for  each  plant  was 
determined  (partly  in  the  herbarium  of  the  Botani(!al  Museum 
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in  Copenhagen,  partly  by  aid  of  floras)  and  the  letter  repre- 
senting the  growth-form  was  written  at  the  plant's  name:  F 
denotes  Fanerophyte,  Ch  Chamaephyte,  H  Homicryptojjhyte, 
G  Geophyte,  Th  Therophyte.  When  each  plant  has  got  its 
letter,  the  types  are  counted  up  and  their  percentage  is  cal- 
culated. 

The  following  plant-lists  have  been  made  use  of: 

1.  For  the  jjUiins  at  Akron,  Colorado,  the  lists  published  by 
H.  L.  Shantz  for  the  different  plant-associations.  He  gives  79 
species  (Cryptogams  excluded)  which  is,  as  he  remarks  him- 
self, not  a  complete  enumeration,  but  they  will,  I  hope,  consti- 
tute a  fair  representation  as  to  growth-forms  of  the  plants  of  the 
region. 

2.  The  lists  given  by  Kearney,  Briggs,  Shantz,  McLane  and 
Piemeisel  for  the  dii'fer(>nt  associations  in  the  Tooele  Valley, 
Utah.  The  lists  include  116  species  and  are  likely  to  be  fairly 
exhaustive,  as  the  authors  have  visited  the  place  several  times 
at  different  seasons. 

3.  Spalding's  exhaustive  list  of  Plants  of  the  Desert  Labora- 
tory domain  at  Tucson,  Arizona.  Spalding  gives^(p.  104)  sta- 
tistics of  what  he  calls  "vegetation  forms"  of  plants  from  dif- 
ferent habitats,  and  from  his  table  I  ha\-e  taken  tlie  numerals 
given  for  TumamocHill  and  for  the  Mesa-like  mountain  slopes  and 
added  them  together.  Thus  I  have  not  taken  into  account  the 
plants  from  the  flood  plain  or  from  the  irrigation  ditches  or 
introduced  species.  This  I  have  done  because  the  numerals 
must  be  comparable  with  those  from  Akron  and  Tooele  where 
hygrophytes  are  not  considered.  Of  Spalding's  "vegetation 
forms"  I  have  identified  trees,  slu-ul)s,  dwarf-shrubs  and  woody 
twiners  with  Fanerophytes,  half  shrubs  with  Chamaephytes, 
perennial  and  biennial  herbs  with  Hemicryptophytes  (and 
Geophytes)  and  annual  herbs  with  Therophytes.  Tliis  identi- 
fication may  not  be  right  in  all  cases — especially  with  regard  to 
Fanerophytes  and  Chamaephytes— but  still  I  think  I  could  hardly 
come  nearer  the  truth  thaii  in  this  way,  having  no  Arizona  flora 
and  only  a  scanty  amount  of  herbarium  material  from  that  state. 

4.  In  a  similar  manner  I  have  used  the  analysis  annexed  to 
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Parish's  catalogue  of  Salton  Sink  plants.  Here,  I  have  taken 
only  the  xerophytes,  regarding  trees  and  shrubs  as  Fanero- 
phytes,  " semi-shi-ubs"  as  Chamaephytes,  "perennial  herbs"  as 
HemicrjTJtophytes  and  Geophytes  and  "annual  herbs"  as  Thero- 
phj-tes. 

The  four  biological  spectra  resulting  are  given  in  the  table. 
To  them  is  added  the  spectrum  for  Death  Valley  quoted  from 
Raunkiaer  (1908)  who  made  it  after  Coville's  catalogue  of  Death 
Valley  plants,  and  further  the  "normal  spectrum"  is  put  down 
after  Raunkiaer.  This  is  the  biological  spectrum  for  400  species 
taken  at  random  from  a  list  of  the  plants  of  the  whole  earth; 
it  should  accordingly  be  the  biological  spectrum  of  the  whole 
earth. 


Number  of 
species 

Percentage  of 

species  under  each  growth-foTtn 

F 

Ch 

H 

i 

G         1 

Th 

Akron 

79 
116 

266 

81 

294 

400 

2 
18 

33 
26 
47 

19 
23 

11 
6 
7 
9 

58 
46 

8 
3 

15 

14 

Tucson 

18 
27 

1 

24 
14 

2 
3 

i7 

47 

Death  Valley* 

4S 

Normal  spectrum^ 

13 

'  Five  percent  marsh-plants  are  not  entered,  accordingly  the  percentages 
given  are  a  little  too  low. 

*  One  percent  marsh-plants  are  not  entered. 

From  the  table  the  following  conclusions  can  be  drawn: 

1.  The  plains  at  Akron  are  characterized  by  Hemicryiit()i)liytes 
which  constitute  more  than  half  of  all  the  species.  C.'hamae- 
phytes  are  also  common,  at  least  compared  with  the  normal 
spectrum.     Therophytes  keep  to  the  level  of  the  normal  spectrum. 

2.  Tooele  has  still  many  iremicryptophytes,  but  next  to  them 
come  the  Chamaephytes,  which  are  indeed  very  consi)icuous  in 
Utah.  There  are  two  Fanerophytes  only  (Sarcobatus  and  Junip- 
erus),  and  Therophytes  are  as  in  Akron. 

3.  In  Tucson  the  Hemicrj'ptophytes  have  decrea.scd  under 
the  percentage  of  the  normal  .spectrum  so  that  this  region  is 
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not  characterised  by  them  as  is  Akioii.  Here,  in  Tucson,  Thero- 
phytes  are  very  prominent,  and  the  Fanerophytes  are  rather 
numerous. 

4.  Salton  Sink  is  hke  Tucson,  the  only  difference  being  that 
Faneroph\'tes  have  increased  at  the  cost  of  IIemicrypto])hytes 
being  still  under  the  percentage  of  the  noriiKil  spectrum.  Death 
Valley  shows  the  same  features. 

Summing  up,  we  find  tlu"ee  distinctly  different  types  of  plant- 
communities  namely: 

Hemicryptophytic:  The  (Colorado  plains. 

Chamaephytic:  The  Utah  desert. 

Therophy tic :  The  Tucson,  Salton  and  Death  Valley  deserts. 

The  yearly  precipitation  of  Aki-on,  Tooele  and  Tucson  is 
respectively  47,  40,  and  27  cm.,'  of  Salton  hardly  over  20  cm. 
So  we  find  a  coincidence  of  drier  climate  with  development  of 
other  growth-forms:  HemicrjT:)tophytes  give  way  to  Chamae- 
phytes  and  these  to  Therophytes  and  partly  Fanerophytes. 

In  the  old  world  wc  have  at  least  T)artly  a  parallel  transition: 
in  Southern  liussia  llemicryptophytes  dominate  (the  govern- 
ment of  Jekaterinoslaw  has  55%),  and  in  Transcaspia  Thero- 
phytes preponderate  (41%);  as  to  Fanerophytes  the  percentage 
of  the  two  regions  is  respectively  5  and  11%.  Thus  also  here 
there  is  a  parallelism.  The  interjacent  Chamaephyte  region 
has  not  been  numerically  demonstrated  in  the  old  world,  yet  we 
know  that  in  the  countri(>s  between  SoutluM-n  T{ussia  and  Trans- 
caspia proper  waste  regions  are  covered  with  a  vegetation  of 
Artemisias  and  similar  plants.  So  we  may  l)e  justified  in  believ- 
ing that  the  Chamaephyte  region  is  there. 

Finally  it  should  be  emphasized  that  the  material  upon  wlrich 
my  conclusions  are  based  is  not  complete  and  that  if  perfect 
biological  spectra  could  be  made  they  would  without  doubt 
give  a  more  vivid  and  detailed  iiicture  of  tlie  relations  between 
plains  and  different  deserts  in  America.  Yet  I  hope  that  there 
are  no  fatal  errors  in  the  preceding  remarks. 

'  Quoted  from  Kearney,  Briggs,  Shantz,  McLane  and  Picineiscl  and  from 
Briggs  and  Belz. 
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THE    ANTIZYMOTIC    ACTION    OF    A  HARMFUL  SOIL 

CONSTITUENT:  SALICYLIC  ALDEHYDE 

AND  MANNITE 

J.  J.  SKINNER 

Bureau  of  Soils,  Washington,  D.  C. 

In  an  investigation  of  the  soils  on  the  Mount  Vernon  estate, 
Virginia,  several  organic  compounds  were  isolated  and  identified' 
in  a  sample  taken  in  the  flower  garden  from  among  the  box 
hedges.  Two  of  the  compounds  isolated  are  salicylic  aldehyde 
CcH^.OH.COH  and  mannite  CeHiiOe.  The  effect  of  these  com- 
pounds on  growth  have  been  studied.  The  salicylic  aldehyde 
has  proven  to  be  very  harmful  to  plants,  grown  in  nuti-ient 
solutions,  in  soils  in  pots  and  in  the  field. = 

The  subject  of  this  paper  is  concerned  with  the  effect  of  man- 
nite on  growth  and  the  circumstances  under  which  it  exists  in 
soils.  This  sugar  alcohol  was  found  in  the  Mount  "N'ernon  soil 
in  an  amount  of  about  500  lbs.  per  acre.  Mannite  can  readily 
be  produced  by  certain  soil  fungi,  yet  it  is  remarkable  that  it 
can  persist  in  soils  for  it  is  a  very  unstable  compound,  being  an 
excellent  medium  for  the  development  of  bacteria.  Its  effect 
on  growth  was  studied  iu  the  green-house  and  some  indications 
of  its  physiological  action  obtained  but  no  very  definite  results 
were  secured,  because  of  the  fact  that  the  mannite  solutions 
with  the  fertilizer  salts  were  good  media  for  the  development  of 
bacteria. 

The  tests  were  made  by  growing  wheat  seedlings  in  distilled 
water  culture  and  in  nutrient  solutions.  Ten  plants  were  grown 
in  each  bottle  holding  250  cc.  of  solution.     The  seedlings  were 

'  Shorcy,  E.  C,  Some  organic  soil  constituents.  Bull.  S8,  Bureau  of  Soil.-i, 
U.  S.  Dept.  Agric.  (1913). 

2  Schreiner,  O.  and  Skinner,  J.  J.,  Harmful  effects  of  aldehydes  in  soils,  Bull. 
108,  U.  S.  Dept.  Agric.  OOU). 
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supported  in  a  notched  cork  which  fitted  closely  in  the  wide 
mouth  bottle.  The  first  expermient  was  made  using  mannite 
dissolved  in  pure  distilled  water,  as  a  culture  solution.  The 
mannite  was  used  in  concentrations  of  10  to  200  parts  per  mil- 
lion, and  the  plants  were  grown  in  the  solutions  from  Januarj' 
12-25.  Growth  in  some  of  the  mannite  concentrations  was 
about  equal  to  that  in  pure  distilled  water,  some  of  the  cultures 
produced  larger  growth  and  others  made  less  growth  than  in 
distilled  water. 

A  large  experiment  was  made  using  nutrient  solutions  com- 
posed of  calcium  acid  phosphate,  sodium  nitrate,  and  potassium 
sulphate.  These  salts  were  used  in  solution  singly,  in  combina- 
tion of  two,  and  of  three  salts,  in  all  possible  proportions,  varying 
in  10  %  stages.  In  this  set  there  were  66  solutions,  which  were 
used  as  a  control  and  to  a  second  set  of  66  solutions  similar  in 
composition  was  added  100  p.p.m.  of  mannite.  The  composi- 
tion of  each  of  the  66  solutions  is  given  in  the  second,  thu'd  and 
fourth  column  of  table  1.  Wheat  plants  grew  in  these  solutions 
from  February  14  to  February  26.  The  solutions  were  changed 
every  third  day  and  replaced  by  fresh  solutions  of  the  same 
composition.  These  solutions  were  analyzed  for  nitrate  after 
the  plants  had  grown  in  them.  They  were  also  tested  for  ni- 
trites and  ammonia,  to  determine  if  decomposition  was  going 
on.  In  table  1  are  given  the  composition  of  the  culture  solu- 
tions together  with  the  green  weight  produced  in  the  solutions 
without  mannite  and  with  100  p.p.m.  of  mannite. 

The  total  weight  produced  in  the  66  solutions  without  mannite 
was  151.2  grams  against  142.4  grams  for  the  cultures  containing 
mannite.  While  the  total  growth  was  less  in  the  mannite  cul- 
tures than  in  the  control  solutions,  a  close  examination  of  the 
table  shows  that  in  those  solutions  containing  no  ])hosphate, 
Nos.  56  to  66,  the  growth  was  larger  in  the  mannite  solution, 
with  the  exception  of  one,  No.  56,  than  the  control  solutions. 
The  mannite  caused  less  growth  in  nearly  all  of  the  other  cultures 
which  contain  phosphate  in  some  amount.  Among  the  46  so- 
lutions containing  phosphate  only  ten  of, the  mannite  solution 
produced  larger  growth   than   their  checks.     The  roots  of  the 
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Effect  of  mannite  uii  wheal  in  nnlriciU  solutions  composed  of  calciutn  phosphatt. 
sodium  nitrate  and  potassium,  sulphate 
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plants  in  the  no  phosphate  cultures  containing  mannite  were 
healthy  and  clean  and  fully  as  good  as  the  control  cultures, 
while  the  root  growth  in  the  mannite  solutions  which  contain 
phosphate,  were  unhealthy  and  short  and  made  a  poor  growth. 
When  the  solutions  had  grown  plants  for  three  days  they  were 
replaced  by  new  solutions  and  the  old  solutions  analyzed.  More 
nitrates  had  disappeared  in  the  set  of  solutions  containing  man- 
nite than  in  the  control  set  of  solutions.  In  the  mannite  cul- 
tures nitrite  and  ammonia  were  detected  in  solutions  Nos.  1  to 
46.  The  amount  of  nitrite  varied  from  6  to  10  parts  per  mil- 
lion, and  each  culture  gave  a  good  test  for  ammonia.  There 
was  no  nitrite  or  ammonia  in  the  mannite  solutions  Nos.  5()  to 
66  which  contained  no  phosphate.  The  set  of  nutrient  solu- 
tions containing  no  mannite,  and  used  as  a  control,  contained  no 
nitrites  or  ammonia,  nor  have  they  ever  been  observed  in  these 
control  sets.' 

These  data  show  that  the  mannite  in  the  nutrient  solutions 
containing  all  three  of  the  nutrient  elements,  underwent  decom- 
position, there  was  a  formation  of  nitrites  and  ammonia,  and 
that  consequently  the  decomposition  caused  poor  plant  growth. 
The  solutions  in  which  there  was  no  phosphate  was  not  a  good 
medium  for  the  development  of  bacteria,  consequently  there  was 
no  decomposition  of  the  mannite.  Mannite  as  such  does  not 
seem  to  be  harmful  to  wheat  seedlings,  and  when  decomposi- 
tion does  not  take  place  the  material  would  seem  to  be  used  by 
the  plants  and  an  increased  growth  results. 

In  view  of  the  fact  that  the  Mount  Vernon  soil  was  found  to 
contain  both  salicylic  aldehyde  and  mannite,  an  experiment  in 
nutrient  solutions  was  planned  and  conducted  in  which  both 
these  substances  were  atlded  to  the  culture  solution. 

In  this  experiment  the  nutrient  solution  contained  calcium 
acid  phosphate,  sodium  nitrate  and  potassium  sul])hatc  in 
amountsof  1(5-32-32  p. p.m.  of  the  fertilizer  constituents  P1.O5.NH3 
and  K2O.  Mannite  was  added  in  amounts  of  100  p. p.m.  and  the 
salicylic  aldehyde  added,  varied  in  the  different  solutions,  from 

'  Sehrciner,  O.  and  Skinner,  J.  J.,  Nitrogenous  soil  constituents  and  their 
bearing  on  soil  fertility.     Bull.  8",  Hiircau  of  Soils,  I'.  S.  Dcpt.  .Vgric.  (1912). 
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1  to  100  parts  per  million.  Duplicate  sets  of  these  cultures 
were  prepared,  in  one  set  plants  were  grown  and  in  the  second 
set  the  bottles  containing  the  solutions  were  allowed  to  stand. 
At  the  end  of  three  days  the  solutions  wei'e  anah'zed  for  nitrates, 
nitrites  and  ammonia.  This  was  done  every  three  da\-s,  until 
the  plants  had  grown  twelve  days.  The  results  of  the  analysis 
after  the  plants  had  grown  the  first  three  days,  and  the  final 
green  weight  of  the  plants  grown  in  each  solution  are  given  in 
table  2. 


TABLE  2 


Efect  of  salicylic  aldehyde  in  preventing  decomposition  in  mannile  solutions 


COMPOSITION    OF  SOLCTION8    AFTE8  3   DATS 


TREATMENT 


Xutrient  sol  +  100  p.m 
mannite 

Xutrient  sol  +  100 
p. p.m.  mannite 

Same  +  1  p. p.m.  sali- 
cylic aldehyde 

Same  +  5  p. p.m.  sali- 
cylic aldehyde 

Same  -|-  10  p. p.m.  sali- 
cylic aldehyde 

Same  +  25  p. p.m.  sali- 
cylic aldehyde 

Same  +  50  p. p.m.  sali- 
cylic aldehyde 

Same  +  100  p. p.m.  sali- 
cylic aldehyde 


Without  plants 


With  growing  plants 


i  117 
117 
117 
117 
117 
117 
117 
117 


N'Oa 

//.  (>.  m. 

83.4 

82.0 

50.0 

100.0 


NO. 


20.0 
23.0 
40.0 
26.6 


115.0     2.5 


115.0 

IIS  0 


None 


NHi       NOi 


p.  p.  m.  p.  p.  m. 


Trace 
Trace 
Trace 
Trace 
None 
None 


None  Xono 


40.0  22.2 


16.6 


60.0 


111.0 


NOj 


NHs 


GREEN' 
WEIGHT 

OF 
PLA.ST9 


Trace  2.75 


22.2    Trace 


30.0  20.0 


14.2 


90.8     6.6 


3.5 


III.O  None 


Trace 
Trace 
Trace 
None 
None 


2,80 
2  35 
2.20 
1.87 
0.93 
0.56 


118. Q  None  Xoiu>    111.0!  NoneiNonel  0.38 


r 


An  examination  of  the  tables  shows  that  nitrites  and  ammonia 
formed  in  the  duplicate  mannite  solutions  Nos.  1  and  2  and  in 
those  solutions  which  contauied  mannite  together  with  1,  5  and 
10  parts  per  million  of  salicylic  aldehyde.  In  the  solutions 
which  had  no  plants  2.5  p. p.m.  and  more  of  salicylic  aldehyde 
prevented  any  decomposition  in  the  solution.  In  the  solutions 
with  plants  it  required  as  much  as  50  p.p.m.  of  salicj-lic  aide- 
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hyde  in  the  mannite  solutions  to  prevent  decomposition.  Other 
sets  of  solutions  similar  to  these  were  analyzed,  and  the  results 
were  substantiated.  In  every  case  25  to  50  parts  per  million  of 
salicylic  aldehyde  in  nutrient  solution  with  mannite  prevented 
any  bacterial  action.  The  green  weight  of  the  plants  grown  in 
one  set  of  the  solutions  is  given  in  the  last  column  of  the  table. 
It  is  again  seen  here,  that  the  salicylic  aldehyde  is  harmful  to 
growth  of  plants  as  well  as  to  bacterial  life. 

The  existence  of  mannite  in  the  Mount  Vernon  garden  soil  is 
probably  made  possible  by  the  smiultaneous  presence  of  salicylic 
aldehyde.  "Without  any  antiseptic  action  of  this  kind,  mannite, 
if  formed,  would  immediately  be  destroyed  by  soil  organisms  and 
probably  could  not  exist  as  such  for  any  length  of  .time. 

This  garden  soil  has  grown  box  hedges,  roses,  and  other  peren- 
nial garden  plants  for  years  and  manure  has  been  liberally  ap- 
plied. The  subsoil  is  of  such  a  nature  as  to  prevent  the  proper 
movement  of  air  and  moisture.  An  examination  of  the  soil  in 
the  laboratory  showed  that  the  surface  soil  was  acid  and  the 
sub-soil  decidedly  so.  The  growth  of  the  garden  plants  had 
become  poor,  and  they  showed  signs  of  going  backward  in  cer- 
tain locations. 

As  a  result  of  the  laboratory  examination  lime  and  phosphatic 
fertilizer  were  applied  and  provision  made  for  better  drainage 
so  that  moisture  and  air  may  better  circulate,  and  better  results 
have  been  secured.  Data  have  been  secured  in  this  laboratory 
which  show  that  the  harmful  effects  of  aldehyde  on  plants  is 
partly  overcome  by  lune  and  by  phosphates.  When  conditions 
in  the  soil  are  such  as  to  change  or  destroy  the  harmful  com- 
pound saUcylic  aldehyde,  soil  organisms  and  other  natural  proc- 
esses of  the  soil  would  prevent  the  formation  or  destroy  im- 
mediately after  formation  such  an  unstable  compound  as  mannite. 
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A  Montane  Rain-Forest. — Graphic  descriptions  of  characteristic 
plant  formations  are  always  welcome  and  stand  out  in  pleasing  con- 
trast to  mere  lists  of  species  masqiusrading  as  ecological  studies.  Es- 
pecially are  such  descriptions  of  importance  where  the  communities 
dealt  with  arc  truly  virgin;  indeed,  the  correct  delineation  of  the  fast 
vanishing  primitive  vegetation  of  the  earth  is  the  most  urgent  phyto- 
geographical  work  at  the  present  time.  Shreve,  in  his  recent  book, 
A  Montane  Rain-Forest,'  has  supplied  a  notable  contribution  in  this 
regard.  But  he  has  done  more  than  this,  for  the  scope  of  his  work  is 
well  indicated  by  its  supplementary  title,  A  Contribution  to  the  Physio- 
logical Plant  Geography  of  Jamaica. 

The  forest  treated  of  is  situated  on  the  Blue  Mountains  of  Jamaica 
at  an  altitude  of  4500  feet  to  7428  feet.  The  climate  of  this  area  has 
a  yearl}^  rainfall  of  105  inches  to  168  inches,  172.4  rainy  days  and  an 
annual  mean  temperature  of  60.8°F. ;  frost  is  virtually  ujilcJiown.  The 
forest  itself  is  in  part  temperate  in  character  both  in  its  ecological  and 
floristic  composition,  and  evidently  resembles  in  no  small  degree  the 
lowland  rain-forest  of  New  Zealand,  though  this  latter,  strange  to 
say,  appears  to  bear  ecologically  a  more  pronounced  trojiical  stamp. 
This  striking  resemblance  between  a  tropical  and  a  temj^erate  plant 
formation  is  emphasized  by  several  of  the  fine  photographs  that  add 
greatly  to  the  value  of  the  book.  Plate  1,  with  its  wealth  of  ferns  and 
Plate  8  with  the  pendant  moss  draping  the  slender,  straggling  tree- 
trunks,  recall  exactly  typical  scenes  in  New  Zealand  rain-forest,  not 
only  of  the  warmer  parts  but  even  where;  the  climate  is  of  a  semi- 
subantarctic  character. 

After  dealing  with  the  physical  features  and  climate  of  the  area,  the 
author  gives  a  list  of  the  characteristic  species  of  the  florula,  citing 
270,  of  which  no  fewer  than  93  are  pteridophyta.  In  New  Zealand, 
at  a  generous  estimate,  no  piece  of  forest  would  contain  more  than  212 
species,  of  wliicli  at>out  05  would  be  ferns  and  lycopods.     Ne.\t  comes 

'  Slircvc,  Forrest,  A  Montane  Rain-Korost:  A  Contribution  to  the  Physio- 
logical Plant  Geography  of  Jamaica.  C.orncgic  Inst.  \V;ish.  Pnbl.  199.  Pp.  110, 
pis.  29,  figs.  18.     iei4. " 
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a  clear  apcount  of  the  physiognomy  of  the  forest,  its  ecological  char- 
acteristics and  a  classification  of  the  vegetation  according  to  distinctions 
in  habitats,  such  differences  arising  from  position  with  regard  to  sun 
and  the  prevailing  wind,  the  highly  dissected  erosion  topography  and 
altitude.  Work  of  this  kind  is  considered  by  Warming  as  not  difficult, 
and  in  comparison  with  some  of  the  problems  presented  by  plant 
ecology  which  seem  almost  impossible  to  solve  this  is  true  enough, 
but  it  is  nevertheless  far  from  an  eas}'  matter  to  paint  an  accurate 
word-picture  of  a  compHcated  closed  association  or  to  properly  appreci- 
ate and  keep  in  their  proper  place  the  facts  of  ob.servation  when  quite 
minor  distinctions  may  be  of  crucial  importance.  Above  all,  any 
account  of  a  plant  formation  loses  half  its  value  if  it  cannot  be  readily 
used  for  jiurposes  of  comparison  with  related  formations  in  other 
regions.  In  this  latter  regard  the  author  has  succeeded  in  no  small 
degree,  so  that  it  is  quite  easy  for  one  acquainted  with  a  New  Zealand 
rain-forest  to  see  wherein  lie  its  resemblances  to  that  of  montane 
Jamaica  or  its  differences  therefrom. 

The  vegetation  of  ra\ines  and  ridges  presents  in  a  most  striking 
manner  the  effects  of  (>rosion  topography,  that  of  the  former  being 
strongl}'  hj-grophilous  and  of  the  latter  almost  xcrophilous.  So,  too, 
in  certain  New  Zealand  forests  a  ravine  will  contain  hygrophilous 
rain-forest  and  the  ridge  subxerophilous  Nothofagus  Solanderi  forest, 
this  an  altogether  different  formation. 

Epiphytes  are  a  most  important  group  in  this  Jamaican  forest,  every 
type  being  represented,  but  on  the  other  hand  lianes,  so  much  in  evi- 
dence in  New  Zealand,  are  not  numerous.  The  epiphj'tes  show  a  zonal 
di.stri})ution  in  harmony  with  the  moisture  conditions,  so  that  the 
most  h3-grophilous  occupy  positions  near  the  gi'ound,  midway  come 
those  that  can  tolerate  an  occasional  scarcity  of  water,  while  in  the 
forest  roof  xerophj'tes  flourish.  These  latter  <liff(!r  from  those  of  a  sim- 
ilar station  in  New  Zealand  in  that  there  is  only  one  large  plant,  Cara- 
guala  sintenesii  (Bromeliaceae),  whereas  in  New  Zealand  this  species 
is  i-cpi-osented  bj'  the  epharnionically  similar  A  f<tcHa  Solaiidri  (Liliaceae) , 
while  various  spreading  shrubs  several  feet  in  height  are  also  present. 
Possibly  the  most  remarkable  fact  about  these  epiphytes  is  the  physio- 
logical capacitj^  of  certain  Ilymenophyllaceae  to  tide  over  considerable 
periods  of  drought,  whereas  others  of  apparently  identical  structure 
die  rapidly  in  the  absence  of  sufficient  water. 

From  the  standpoint  of  general  ecology,  the  concluding  portion  of 
the  liook  is  of  cspcrMiil  moment,  ilifillni.  .1-;  i(  ,|(if^  witli  the  transpiration 
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of  rain-forest  plants  based  on  actual  experiment.  For  the  purpose 
of  this  valuable  research  a  nuniljcr  of  plants  were  selected,  including 
two  of  the  commonest  trees,  a  common  shrub,  a  thick-leaved  herb, 
two  herbs  of  the  forest  floor  and  two  extremely  hygrophiious  ferns. 
Without  going  into  details  here,  the  author  found  that  the  rates  of 
relative  transpiration  of  the  rain-forest  plants  dealt  with  and  those  of 
certain  xerophytcs  of  the  Arizona  desert  are  of  the  same  order  of 
magnitude,  i.e.  the  rates  of  transpiration  in  the  two  regions  are  pro- 
portional to  the  rates  of  evaporation  that  prevail  in  them.  While 
the  plants  of  the  rain-forest  are  capable  of  losing  much  more  water 
per  unit  area  than  are  those  of  the  desert  when  the  two  kinds  of  plants 
are  exposed  to  identical  conditions,  yet  as  each  set  exists  in  its  habitat, 
the  desert  plant  loses  far  more  water  per  unit  area  than  docs  the  forest 
plant.  This,  though  in  line  with  certain  recent  publications,  is  contrary 
to  the  accepted  opinion  which  is  based  not  on  experiment  but  on  a  con- 
sideration of  the  reduced  transpiring  surface  of  desert  plants. 

One  is  apt  to  look  upon  rain-forest  as  a  purely  hj-grophilous  formation 
in  which  xerophytes  have  no  place.  This  the  author  rightly  shows  to 
be  a  false  concei)tion.'  "There  is  no  type  of  vegetation,"  he  declares, 
"in  which  may  be  found  a  wider  diversity  of  life  forms  than  exist  side 
by  side  in  a  tropical  montane  rain-forest.  Together  with  the  structural 
diversities  discoverable  in  the  field  or  at  the  microscope,  are  diversities 
of  physiological  behavior,  discoverable  by  observation  or  experiment, 
and  sometimes  correlateil  with  the  structural  features.  There  are 
quite  as  high  degi'ees  of  specialization  to  be  found  in  the  rain-forest 
as  may  be  sought  in  the  desert." 

Much  more  could  be  extracted  with  profit  from  Shreve's  admirable 
book,  the  chief  fault  of  which  lies  in  its  brevity.  One  would  have 
welcomed,  for  instance,  a  special  account  of  the  growth  forms  ac- 
companied by  statistics  for  comparative  purposes.  Ecolpgical  works, 
with  few  exceptions,  seem  to  take  it  for  granted  that  the  reader  is 
acciuainted  with  the  species  cited,  when^as  he  frequently  knows  but 
little  regarding  them,  and  even  if  assisted  by  afioi-a  maj-  get  far  astray — 
L.  Cockayne,  Wellington,  New  Zealand. 

Plant  Breeding. — In  1895,  Bailey  incorporated  some  excerpts 
from  the  writings  of  Verlot,  Carrierc  and  Focke  with  three  of  his  own 
lectures  relating  to  the  improvement  of  plants  and  published  the 
material  under  the  title  Plant  Breeding.  The  author's  reputation  as 
the  leading  American  agricultural  botanist  together  with  his  charming 
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literary  style  carried  the  volume  through  three  editions  and  several 
reprints  during  the  next  ten  years,  although  it  did  not  have  the  intrinsic 
value  of  most  of  his  other  works.  It  was  a  compendium  of  opinions 
which  were  often  unsupported  by  facts;  nothing  in  it  was  very  helpful, 
nothing  very  wrong.  One  laid  it  down  with  no  distinct  idea  of  having 
read  anything  positive  relating  to  plant  breeding. 

In  1906,  with  the  appearance  of  a  fourth  edition,  there  was  a  decided 
change  in  form.  The  author  had  sublet  various  parts.  This  entailed 
a  sacrifice  of  style  and  unitj'^;  but  there  was  a  gain  in  facts — an  incli- 
nation toward  practicability  and  usefulness  probably  due  to  the  guiding 
hand  of  Webber. 

In  the  i)resent  edition, *  the  valuable  qualities  of  both  types  of  the 
earlier  imprints  have  been  retained.  There  is  unity  of  purpose  through 
the  efforts  of  one  reviser.  Dr.  Gilbert;  there  is  the  old  simplicitj'  of  style 
through  the  supervision  of  Dr.  Bailey.  The  book  is  now  really  an 
introduction  to  scientific  plant  breeding,  and  as  such  will  doubtless  be 
of  very  great  interest  to  the  many  laj^men  who  wish  to  become  conver- 
sant with  modern  ideas  of  plant  improvement.  It  can  also  be  heartily 
recominend(>d  as  a  text  book  for  classes  in  general  plant  breeding  in 
agricultural  colleges  if  used  with  discretion  by  a  teacher  with  some 
first  hand  knowledge  of  the  subject  and  if  supplemented  by  other  works. 
It  is  not  of  a  sufficient!}^  advanced  character,  however,  to  be  used  for 
serious  instruction  in  genetics. 

The  first  few  chapters  deal  with  variation  in  much  the  same  hazy 
way  that  characterized  the  earlic^r  editions.  While  no  doubt  the 
beginning  student  may  gain  something  from  them  it  is  to  be  regretted 
tiuit  some  of  the  numerous  recent  discoveries  relating  to  reproduction, 
development  and  variation  are  not  given  as  a  foundation  upon  which 
the  remainder  of  the  discussions  could  b(>  placed.  There  follows  a 
brief  discussion  of  statistical  methods  in  Chapter  IV  and  a  resume  of 
DcVries'  facts  and  philosophj-  regarding  mutations  in  Chapter  V. 
The  brief  treatment  of  biometry  is  good,  though  there  are  several 
tj-pographical  errors  and  a  certain  vagueness  concerning  the  meaning 
of  proljablc  errors.  The  reviewer  suggests  that  in  future  editions,  the 
chapter  be  placed  in  an  appendix.  I'he  nuitation  theory  is  treated 
wholly  fi'om  the  DeVriesian  standpoint  of  1903.  Possibly  the  account 
would  have  had  a  somewhat  greater  value  if  a  description  of  the  more 
important  modern  researches  on  the  subject  had  been  incorporated. 

'Bailey,  L.  H.,  Plant  Breeding.  Fifth  Edition,  revised  by  A.  W.  Clilbcrt. 
Pp.  474,  figs.  113.     The  Macmillan  Company,  New  York,  1914  (S2.00). 
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Chapter  VJ,  on  hybridization,  includes  many  thing.s.  There  are 
discussions  of  natural  selection,  limits  of  crossing,  natural  hybrids, 
artificial  hybrids,  effects  of  inbreedinp;  and  erossl)reeding,  and  graft 
hj-brids.  As  indicated,  it  is  a  dip  here  and  a  dip  there  into  some  of  tlie 
most  important  questions  of  plant  breeding,  with  hardly  an  adequate 
treatment  of  each  phase.  H(>i'editj%  in  the  next  chapter  of  sixty  pages, 
is  dealt  with  more  ably,  though  one  may  be  skeptical  as  to  the  desira- 
bility of  continuing  to  use  the  coefficient  of  correlation,  a  measure  of 
somatic  resemblance,  as  a  test  of  heredit}'  after  the  confusion  it  has 
led  to  through  the  efforts  of  the  English  biometrical  school.  Further- 
more, the  reviewer  feels  that  the  beginning  student  may  get  an  errone- 
ous idea  of  Mendelian  inheritance,  or  rather  of  the  meaning  of  the 
Mcndelian  notation,  from  the  author's  method  of  treating  the  subject. 
Presumably,  the  very  literal  interpretation  of  a  plant  as  a  unit  char- 
acter mo.saic  is  due  to  the  need  to  compress  a  large  amount  of  niaterial 
into  a  small  space,  but  it  might  work  considerable  harm. 

PerhaiDS  the  best  chapter  in  the  volume  is  that  on  How  Domestic 
Varieties  Originate  (C'haptei'  VIIT).  It  contains  much  historical 
matter  that  would  Ijc  difficult  to  obtain  elsewhere. 

The  remainder  of  the  book  is  much  like  the  fourth  edition.  It 
deals  with  the  technique  of  crossing  and  "the  forwai'd  movement  in 
plant  breeding"  as  illustrated  bj-  practical  work  in  various  parts  of 
the  world. 

There  are  (Ive  apiuMulices,  including  a  glossary,  a  list  of  plant  breed- 
ing books,  a  bibliograiihy  brought  uj)  to  date  (from  1905,  the  j'ear  of 
the  last  citations  in  th(>  fourth  edition),  and  a  series  of  laboratorj' 
exercises.  The  l)il)liography  is  especially  valuable,  though  one  notices 
that  many  important  foreign  i^ublications  are  omitted.  The  defini- 
tions given  in  the  glossary  for  such  terms  as  allelomorph,  dominant 
character,  factor  hypothesis,  and  segregation,  will  hardly  be  accepted 
by  geneticists. — E.  M.  East. 

Phototropism  (?)  OF  Ukedinicspokk  Germ-Tubes. — A  short  paper 
by  Fromme'  presents  the  newly-demonstrated  fact  that  urediniospores 
of  Puccinia  rhamni,  and  their  young  germ-tubes,  are  sensitive  to  one- 
sided illumination.  The  large  majority  of  these  spores,  when  germi- 
nating with  one-sided  lighting,  protrude  the  germ-tube  from  a  spire  on 
the  shaded  side.     If  a  tube  protrudes  from  the  more  strongly  lighted 

'  Fromrr.e,  F.  D.,  Negative  heliotropisni  of  urcdiniospore  germ-tubes.  Amer. 
Jour.  Hot.  2:  82-85.     1915. 
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portion  of  tlio  spore  wall  it  almost  always  bends  very  soon,  so  that  its 
tip  becomes  directed  away  from  the  source  of  light.  The  process  of 
germination  is  thus  apparently  related  to  differences  in  light  intensity 
on  the  different  sides  of  the  spore,  and  the  young  tubes  are,  at  least 
apparently,  negatively  phototropic. 

The  evidence  presented  seems  to  the  reviewer  to  indicate  an  orien- 
tation of  growth  activity  with  reference  to  different  intensities  of  the 
impinging  light  received  by  different  portions  of  the  surface  of  the  spove 
or  filament;  these  reactions  are  not  apparently  related  directly  to  the 
direction  of  the  light  propagation.  This  somewhat  important  distinc- 
tion is  not  considered  by  the  authoi-. 

The  purpose  of  this  note  is  to  emphasize  the  question  that  at  once 
arises  to  the  reader,  whether  the  reactions  here  described  are  to  be  con- 
sidered as  related  to  light  at  all.  May  they  not  be  due  to  asymmetrical 
heat  or  moisture  conditions?  Fromme's  spores  germinated  on  an 
imbibed  substratum  (gelatin)  exposed  in  a  moist  chamber,  and  a  small 
beam  of  diffuse  daylight  was  allowed  to  fall  upon  the  spores  from  one 
side  and  from  somewhat  above  the  level  of  the  substratum.  It  is 
obvious  that  a  light  reaction  may  be  involved  in  the  behavior  of  the 
germinating  spores,  but  it  seems  just  as  obvious  that  moisture  and 
heat  relations  are  here  to  be  considered.  The  author  does  not  take  up 
this  consideration  at  all,  though  he  does  remark:  "That  positive 
hydrotropism  may  partially  explain  stomatat  entrance  [of  such  hyphae, 
as  germination  occurs  on  leaves]  is  suggested  by  the  work  of  Balls  and 
Fulton  but  it  is  doubtful  that  this  can  be  a  factor  of  primary  importance." 

There  appear  to  be  about  four  logical  possibilities  here  involved. 
(1)  Light  intensity  may  be  the  controlling  asynunetrical  condition 
and  one-sided  photochemical  alterations  within  the  cell  may  be  the 
internal  control  of  the  reaction.  This  seems  to  be  the  interpretation 
adoptcil  by  the  author.  (2)  The  direction  of  the  impinging  light  maj^ 
be  the  important  external  condition;  as  has  been  remarked,  this  seems 
improbable  from  the  data  given,  and  it  needs  no  more  than  mention 
here.  (3)  A  temperature  difference  between  the  shaded  side  of  tlic 
spore  or  filament  and  the  illuminated  side  may  bring  about  the  ob- 
served orientation.  Here  we  meet  with  several  possibilities.  (3a) 
The  illuminated  side  receives  more  radiant  energy  andshould  therefore 
be  warmer.  (3b)  The  aii-  of  the  moist  chamber  may  be  warmer  on 
the  illuminated  side,  so  that  that  side  of  a  cell  may  be  warmed  by 
conduction.  (3c)  Convection  currents  in  the  air  about  the  cell,  brought 
about  bj'  asymmetrical  income  of  heat  from  the  more  distant  surround- 
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iiifi;s,  may  render  allicr  tlie  illuininated  or  tlie  .sluulcd  side  wuriiior  than 
the  other.  Which  side  might  be  warmer  cannot  be  foretold,  under 
such  conditions  as  are  here  considered,  witliout  detailed  knowledRe  of 
these  currents.  (3d)  Differences  in  the  evaporation  rate  from  shaded 
and  lighted  portions  of  the  air-exposed  surface  may  cause  temperature 
differences  in  several  ways;  these  possibilities  need  not  be  further 
analyzed.  (4)  Finally,  differences  in  tiie  moisture  content  of  the  cell- 
wall,  on  the  ilhnninated  and  shaded  sides,  may  produce  the  observed 
reactions  as  hydrotiopic  responses.  The  lighted  side  should  be  some- 
what drier  than  the  other  side,  whatever  may  be  its  temperature  con- 
dition. If  one  of  two  like  water-inibil)P(l  surfaces  receives  radiant 
energy  and  the  other  do(>s  not,  it  is  cpiite  possible  for  the  former  to 
evaporate  more  water  than  the  latter,  even  though  the  othei-  conditions 
may  make  the  former  the  cooler  of  the  two.  It  may  be  ailile(l  that 
differences  in  moisture  content  between  the  two  sides  of  the  cell  need 
not  be  postulated  as  a  result  of  greater  evaj^oration  from  one  side; 
the  moisture  ranlci/l  of  all  the  ))ortions  of  the  cell  may  remain  alike, 
but  the  movement  of  wat(  r  through  the  cell  (from  al).<oi'i)ing  to  tran.s- 
spiring  surface)  may  bring  about  chemical  differences  between  two 
regions  of  the  pi'oto])lasm. 

It  seems  highly  ])robable  to  the  reviewer  that  the  author's  inter- 
pretation is  the  correct  one,  but- the  experimental  evidence  seem.-?  to 
be  no  more  in  its  favor  than  in  favor  of  any  one  of  several  other  possible 
interpretaticnis,  some  of  the  most  obvious  of  which  have  been  mentioned 
in  the  inconii)lete  logical  analysis  that  has  just  been  outlined.  There 
is  no  doubt  at  all  that  these  organisms  do  respond  to  one-sided  illumi- 
nation by  dilfused  daylight,  under  the  other  conditions  of  Fronime's 
experiments;  whether  they  respond  direcUy  to  the  light  influence  has 
not  been  investigated. — B.  E.  Livingston. 

Trent  Forest  Survey. — Eighty  years  ago  the  Canadian  govern- 
ment started  work  upon  the  Trent  Canal,  which  was  to  provide  a 
waterway  connecting  Lake  Ontario  and  Geoigian  Bay,  and  to  aid  in 
opening  up  the  innnen.se  pine  forests  of  that  part  of  Ontario.  The 
numerous  lakes  and  rivers  of  the  region  were  to  be  utilized  in  the 
project.  The  work  was  carried  on  irregularly,  abandoned  and  begim 
again  many  times,  and  even  today  is  far  from  comiiletion.  In  the 
meantime  exploitation  of  the  pineries  outran  the  development  of  the 
canal.  The  forests  were  cut  clean  and  Imvned  overmany  times,  so  that 
the  canal  itself  was  frequently  tlamaged  by  the  resulting  floods.     In 
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spite  of  the  deterioration  of  the  region,  the  great  sum  already  expended 
($10,000,000)  would  alone  justify  an  attempt  at  conservation  of  what 
resources  remain  and  improvement  of  present  conditions.  The  Cora- 
mission  of  Conservation  of  Canada  therefore  authorized  the  investi- 
gation by  Dr.  Howe  and  Mr.  White. ^ 

Dr.  Howe  reports  upon  the  forest  conditions  of  the  region:  that  the 
forests  types  number  four;  (1)  hardwood  type  (beech-maple);  (2) 
mixed  hardwood-conifer  type;  (3)  conifer  type  (white  pine,  hemlock, 
or  swamp  conifer);  (4)  poplar-birch  type  (on  burned  over  lands, 
and  at  present  by  far  the  most  extensive).  The  relations  of  these 
forest  types  to  soils  and  to  each  other  arc  those  that  have  been  described 
for  other  portions  of  the  transitional  belt  between  Northeastern  Conifer 
and  Eastern  Deciduous  Forests. 

The  recommendations  for  methods  of  conservation  and  recuper- 
ation are  as  follows:  (1)  abandonment  of  all  attempts  at  agriculture, 
as  the  region  is  thoroughly  unsuited  to  such  use;  (2)  careful  protection 
of  the  region  from  fire,  by  governmental  ownership  of  the  watersheds, 
which  would  result  in  the  growth  of  a  timber  crop  (hardwoods,  espe- 
cially pulpwood — the  pines  are  doomed),  and  the  prevention  of  destruc- 
tive floods;  (3)  encouragement  of  local  industries  such  as  the  manu- 
facture of  small  woodenware,  utihzing  the  canal  for  transportation, 
and  the  abundant  water  power  which  is  awaiting  development. 

Dr.  Howe  has  been  commissioned  to  make  further  investigations  of 
the  possibilities  of  future  forest  development. — William  S.  Cooper. 


'  Howe,  C.  U.,  unci  White,  J.  11.,    Trent  Watershed  Survey.     Pp.  15G,  Com- 
mission of  Conservation,  Canada.    The  Bryant  Press,  Toronto,  1913. 


NOTES  AND  COMMENTS 

Dr.  Eduard  Riibel  has  recently  called  attention  (Journal  of  Ecology, 
December  1914)  to  the  confusion  that  has  arisen  in  plant  geography 
through  the  use  of  popular  names  for  the  designation  of  important 
plant  communities.  The  words  macchia,  garigue,  tomillares,  and 
phrygana,  for  example,  are  shown  to  lie  used  in  different  parts  of  south- 
ern Europe  for  vegetations  that  arc  closelj'  similar,  while  such  terms 
as  heath  and  steppe  are  applied  to  verj-  unlike  plant  communities.  The 
action  of  the  Brussels  Congress  in  voting  to  retain  these  and  other 
vernacular  names  in  the  technical  terminologj-  of  plant  geographj- 
has  raised  many  voices  in  dissent.  Tiie  ])lant  geographers  of  the  world 
are  pre-eminently  a  body  of  men  who  can  rise  above  any  national 
bias  in  favor  of  tiie  terms  tiiat  have  originated  in  their  own  particular 
language.  There  is  no  reason  whatever  for  laying  any  weight  on  the 
matter  of  jiriority  in  .seeking  a  rational  and  acceptalile  .system  of 
nomenclature  for  plant  conununities.  \Ve  have  perpetually  before  us 
the  spectacle  of  taxonomy,  devoutly  sworn  to  the  principle  of  priority, 
and  thereby  chained  to  the  imperfect  type  specimens,  the  incomplete 
knowledge  and  the  false  juilgment  of  a  century  or  more  ago.  There 
is  no  valid  n-ason  why  plant  geographers  should  not  arbitrarily  create 
a  system  of  naming  for  vegetational  groups, — a  sj'stem  that  would  be 
international,  logically  comjilete,  and  authoritative  through  general 
agreement,  without  being  inflexible  or  so  sacrosanct  that  it  could  not 
be  aboli.shed  whenever  it  was  desirable  to  do  so.  Just  such  a  scheme 
of  nomenclature  was  proposed  l)y  Brockmann-Jero.sch  and  Riibel 
in  their  Einteilung  der  Pflanzengesellschaften  nach  Okologisch-Physiog- 
nomischen  Gesichtspunkten,  of  which  an  Engli.sh  eilition  is  now  in 
preparation.  There  is  much  to  be  said  in  favor  of  the  use  of  such  a 
system,  and  the  matter  deserves  careful  consideration  at  the  hands 
of  plant  geographers,  and  the  fullest  possible  discussion.  If  by  the 
adoption  of  such  a  .system  it  should  become  jiossible  to  eUminate  all 
further  discussions  of  nomenclatorial  matters  in  plant  geograpliy  and 
ecology,  and  if  the  enefgy  that  has  gone  into  them  heretofore  could  be 
liberated  and  directed  to  some  of  the  fundamental  problems  in  these 
lines  of  work,  the  occasion  would  be  one  for  profound  congratulation. 

176 
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Dr.  H.  C.  Cowles  and  Dr.  J.  G.  Coulter  have  issued  a  small  manual 
of  the  spring  flora  of  the  north  central  and  northeastern  states  (Ameri- 
can Book  Company).  The  book  has  been  adapted  to  high  school 
use  by  the  omission  of  grasses  and  other  difficult  groups,  and  by  the 
prefixing  of  a  very  simple  analytical  key.  Trees,  shrubs,  and  other 
plants  of  importance  in  ecological  work  have  been  included,  and  are 
described  and  illustrated  in  tlieir  spring  condition. 

Mr.  B.  C.  WaUis  has  made  a  study  of  the  rainfall  conditions  of  the 
southeastern  states  in  relation  to  the  production  of  the  cotton  crop 
(Scottish  Geographical  Magazine,  February,  1915)..  Cotton  is  grown 
in  localities  which  vary  in  annual  rainfall  from  54  inches  at  the  east 
to  31  inches  at  the  west,  but  the  crop  is  timed  in  such  a  manner  that 
the  precipitation  during  the  growth  of  the  cotton  plant  varies  only 
from  17  inches  in  Texas  to  23  inches  in  Florida. 

The  Monthly  Weather  Review  for  October  1914  contains  a  paper 
by  Prof.  W.  J.  Humphreys  on  frost  protection,  a  paper  by  Prof.  C.  F. 
Marvin  on  the  principles  of  air  drainage,  and  several  articles  that 
describe  the  methods  and  results  of  extensive  efforts  that  are  made 
for  the  protection  of  orchards  from  frost  in  California,  Ohio  and  other 
states. 


VEGETATION   OF   THE   BRAZOS  CANYON, 
NEW  MEXICO' 

PAUL  C.   STANDLEY 
National  Museum,  Washington,  D.  C. 

During  August  and  September,  1914,  Mr.  H.  C.  Bollman  and 
the  writer  camped  for  four  weeks  along  the  Brazos  River,  near 
the  mouth  of  Brazos  Canj^on,  in  Rio  Arriba  County,  New 
Mexico,  some  thirty  miles  south  of  the  Colorado  line.  A  large 
collection  of  plants  was  secured,  and  a  general  study  of  the 
vegetation  was  made,  some  of  the  results  of  which  are  stated  here. 

The  Canyon  is  reached  from  the  railroad  at  Chama,  New 
Mexico,  twenty-two  miles  distant  on  the  Denver  and  Rio  Grande 
Railroad.  The  narrow  gauge  line  starting  from  Alamosa, 
Colorado,  runs  southwestward  across  the  plains  to  Antonito, 
then  turns  westward  and  begins  a  gradual  ascent  of  the  southern 
spurs  of  the  San  Juan  ^Mountains.  The  adjacent  plains  are 
covered  chiefly  with  sagebrush,  rabbit-brush  (Chnjsoihamnus 
sp.),  and  blue  grama  (Bouteloua  gracilis),  no  individuals  of  the 
former  shrubs  exceeding  perhaps  three  feet  in  height.  .Vfter  a 
short  distance,  as  the  hills  are  reached,  the  ascent  becomes 
steeper  and  the  road  very  tortuous.  The  foothills  show  many 
evidences  of  comparatively  recent  volcanic  activity;  there  are 
many  isolated  cones  surrounded  by  gently  sloping  lava  beds 
which  end  in  abrupt  cliffs.  The  first  trees  are  seen  here,  pinyon 
{Pinus  edulis)  and  cedar  {Juniperus  scopulorum),  but  they  are 
few  and  scattered.  In  one  place  there  was  noticed  a  large  clump 
of  aspens,  which,  by  some  strange  anomalj'  of  distribution,  are 
two  zones  lower  than  they  should  be!  Straggling  pines  (Pinus 
hrachyptera)  soon  make  their  appearance,  and  as  the  tops  of  the 
lower  hills  arc  reached,  the  pinyon  entirely  disappears,  to  be  re- 
placed ij}'  a  thin  grijwth  of  pine. 

'  I'ublished  by  pennission  of  the  Secretary  of  the  Smithsonian  Inslilution. 
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As  the  railroiul  first  detouns  into  >.'e\v  Mexico  it  reaches  the 
Toltec  Gorge,  one  of  the  finest  bits  of  scenery  in  the  state,  where 
the  Rio  de  los  Pinos  has  cut  through  the  mountains  a  deep  pass 
witli  precipitous  sides,  similar  to  the  Brazos  Canyon,  but  prob- 
ably not  so  deep  and  certainly  not  so  long.  As  the  train  winds 
along  its  summit  there  is  an  excellent  view  of  its  northward  wall, 
covered  with  a  magnificent  growth  of  Colorado  blue  spruce. 
The  trees  are  the  finest  the  writer  has  ever  seen,  each  of  large 
size,  perfectly  symmetrical,  and  with  sufficient  space  to  show 
itself  to  best  advantage.  The  less  steep  hillsides  above  the  gorge 
suppoi-t  a  moderately  heavy  growth  of  Douglas  spruce,  white 
fir,  and  aspen. 

The  railroad  soon  recrosses  the  Colorado  boundary,  and, 
gradually  ascending,  reaches  Cumbres  Pass,  the  highest  point 
on  the  line,  having  an  altitude  of  10,100  feet.  The  country 
east  of  the  pass  is  very  beautiful,  consisting  of  wide,  rolling, 
grassy  meadows,  flanked  by  densely  forested  slopes.  Brooks 
and  small  lakes  or  ponds  abound  in  the  valleys.  One  of  the 
lakes  near  Cumbres  is  the  southernmost  station  for  A^yrnphaea 
polysepala. 

Leaving  Cumbres  the  train  descends  a  very  steep  grade  along 
the  valley  of  the  Chama  River  and  soon  reaches  the  town  of 
Chania,  which  has  an  elevation  of  7800  feet.  Several  high 
peaks  rise  to  the  northward,  but  unfortunately  they  lie  in  Colo- 
rado, and  the  writer  has  not  visited  them,  being  always  interested 
])rimarily  in  New  ^lexican  plants.  lie  botanized  for  ten  days 
about  this  station  in  1911,  securing  a  large  number  of  species 
that  are  known  from  nowhere  else  in  the  State.  The  vegetation 
in  the  vicinity  of  Chama  is  similar  to  that  of  the  Brazos  Canyon. 
The  wagon  road  to  the  latter  place  follows  the  Chama  Valley 
for  perhaps  twelve  miles,  then  turns  eastward  to  the  canyon. 
The  valley  is  broad  with  gently  sloping  sides,  and  toward  Tierra 
Amarilla,  the  county  seat,  it  is  irrigated  and  apparently  very 
productive.  Much  of  the  land  is  seeded  to  timothy,  a  crop  that 
is  rarely  grown  in  the  Southwest.  The  valley  lies  mostly  in  the 
lower  part  of  the  Transition  Zone.  It  has  been  overgrazed  by 
sheep  with  the  result  that  nmch  of  the  grass  and  other  natural 
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vegetation  is  replaced  by  weeds,  such  as  that  omnipresent 
southwestern  plant,  Ximenesia  exauriculata,  which  in  spite  of 
its  abundance  apparently  has  never  received  a  common  name. 
In  many  places  the  alluvial  flats  are  carpeted  with  a  dense  brown 
mat  of  some  Polygonum,  probably  P.  litomle.  This  short 
valley  is  not  to  be  taken  as  typical  of  grazing  conditions  in  Rio 
Arriba  County,  for  the  low  mountains  in  this  part  of  New  Mexico 
are  probably  the  best  stock  ranges  in  the  state. 

The  Rio  Brazos  is  a  tributary  of  the  Chama  River,  flowing 
into  it  near  Tierra  Amarilla.  From  its  mouth  eastward  for 
about  nine  miles  it  flows  through  an  open  valley  between  low 
hills,  but  farther  up  it  traverses  a  high  plateau,  through  which 
it  has  cut  a  sinuous  canyon  from  two  to  three  thousand  feet 
deep,  and  often  less  than  a  hundred  yards  in  width.  The  can- 
yon is  bounded  by  perpendicular  granitic  cliffs,  and  ends 
abruptly  at  the  southern  escarpment  of  the  plateau.  For  nearly 
a  mile  on  the  north  side  of  the  stream  this  escarpment  is  as 
abrupt  as  the  walls  of  the  canyon,  then  it  changes  into  steep 
forested  hillsides.  At  its  foot  is  a  great  talus  slope,  along  whose 
base  the  Brazos  runs.  The  opposite  side  of  the  valley  is  inclosed 
by  steep  slopes,  which  rise  to  a  level  plateau,  this  finally  falling 
gradually  toward  the  west  to  the  Chama  Valley.  The  Brazos 
itself  is  a  typical  Rocky  Mountain  stream,  swift,  clear,  cold, 
dashing  over  polished  boulders,  deepening  here  and  there  into 
great  green  pools  which  are  the  favorite  haunts  of  trout.  As  it 
comes  out  into  the  wider  valley  toward  Tierra  Amarilla,  it 
slackens,  of  course,  and  becomes  wider  and  shallow. 

In  the  region  about  the  Brazos  Canyon  two  life  zones  are 
represented,  the  Canadian  and  Transition,  and  on  the  highest 
summits  there  are  faint  traces  of  the  Iludsonian.  The  Cana- 
dian Zone  embraces  the  plateaus  and  all  the  higher  slopes  of 
the  mountains,  the  "box"  or  the  canj'on  proper,  and  the  north- 
ward lower  sides  of  the  mountains,  extending  in  narrow  strips 
well  down  into  the  Transition  along  the  streams,  while  the 
Transition  Zone  covers  all  the  lower  slopes,  except  the  inore 
abrupt  northward  ones,  and  spreads,  in  a  modified  form,  down 
to  the  (lianui  River.     Near  Tierra  .\marilla  the  Upper  Sonoran 
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is  said  to  appear,  fomiiij!;  in  tiom  tiic  south,  hut  tlic  writer  did 
not  visit  that  region,  'riie  two  zones  are  well  niarked  in  most 
places,  except  along  the  rock  slides  and  rarely  on  the  slopes  at 
middle  elevations,  where  there  is  sometimes  an  intricate  associ- 
ation of  plants  which  makes  it  impossible  to  refer  a  certain  area 
definitely  to  either  zone.  The  Canadian  and  Transition  zones 
are  not  as  sharply  separated  in  New  Mexico  as  are  the  Transition 
and  Tapper  Sonoran,  or  the  Upper  Sonoran  and  Lower  Sonoran ; 
but,  on  the  other  hand,  they  are  much  more  clearly  differentiated 
than  the  Canadian  and  Uudsonian.  The  two  latter  zones  in 
New  Mexico  are  distinguished  onh-  artificially,  even  on  the 
highest  peaks  where  there  is  a  broad  expanse  ofthe  Arctic-Alpine 
Zone. 

CANADIAN    ZONE 

The  vegetation  of  this  area  consists  of  heavy  forest,  frequently 
interrupted  by  open  grassy  meadows.  The  trees  are  Picea 
parrynna,  Abies  concolor,  P.seudotsuga  mucronata,  Pinus  flexilis, 
Negundo  interior,  and  Populus  aurea,  the  first  three  being  most 
abundant.  Picea  parryana  forms  almost  pure  stands  at  the 
higher  elevations  and  scattered  trees  extend  far  down  along  the 
small  valleys.  It  is  conspicuous  inside  the  canj'on,  especially 
on  the  faces  of  the  cliffs,  where  many  individuals  manage  to 
secure  a  foothold  in  small  pockets  or  crevices.  The  w'hite  fir 
and  Douglas  spruce  grow  on  the  lower  slopes  and  are  often 
mixed  with  yellow  pine.  Pinus  flexilis  occurs  only  occasionally, 
and  at  the  higher  levels.  The  box-elder  is  rare,  along  the  banks 
of  the  streams.  Aspen  is  the  most  abundant  tree  in  number  of 
individuals,  occurring  everywhere  as  an  undergrowth  where  the 
shade  is  not  too  dense,  and  forming  nearly  pure  stands  over 
large  areas  where  the  timber  has  been  destroyed. 

Of  the  shrubs  several  are  common:  along  the  streams  Alnus 
tenuifolia,  Sorbus  scopulina,  Amelanchier  sp.,  and  Dasiphora 
fruticosa  are  most  abundant;  in  the  Picea  forests  on  the  plateau 
above  the  canyon  one  finds  Distegia  involucrata  and  Sambucus 
microbotrys,  the  latter  with  small  clusters  of  bright  red  fruit; 
while  among  tlie  aspens  there  is  an  abundance  of  Ihibus  arizoni- 
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cus,  Vacciniiini  oreophilum,  Atragene  pseudoalpina,  Odosteinon 
repens,  Pachistima  myrsinites,  Lepargyrea  canadensis,  and  Junip- 
erus  sibirica.  The  last  is  frequent  on  the  rock  sHdes  and  extends 
well  down  into  the  Transition. 

This  zone  is  rich  in  herbaceous  vegetation  and  many  of  the 
most  interesting  plants  of  the  region  occur  here.  In  aspen 
groves  and  on  slopes  among  the  coniferous  trees  the  following 
are  characteristic:  Pteridium  aquilinum  pubescens,  Pyruln  picta, 
}\  secunda,  and  P.  chlorantha,  Erigeron  superbus,  Pedicularis 
g''ayi,  Oreochrysum  parryi,  Antkopogoii  bnrhdlatus,  Dasystephana 


Fig.  1.     Along  the  Brazos.     The  trees  are  Douglas  spruce,  with  a  few  aspens. 


parryi,  Silene  menziesii,  Antidea  clegaus,  Artemisia  franscrioides, 
Peramium  menziesii,  Antennaria  microphylla,  Calodiortns  gun- 
nisonii,  and  Thermopsis  pinetorum.  In  crevices  of  the  cliffs 
inside  the  canyon  and  on  the  rock  heaps  at  their  base  th(>  follow- 
ing arc  connnon:  Scnecio  pagosanus  and  S.  taraxacoides,  Rhodiola 
polygama,  Draba  helleriana,  Erigeron  leiomeris,  Oxyria  digyna, 
Cerastium  scopulorum,  Scrophularia  montana,  Rubacer  parui- 
florus,  Heuchera  rubescens,  lonoxalis  violacea,  Pseudocymopterus 
anisatus,  Leplasea  austroviontana,  Potenlilla  concinna,  Primula 
angustifolia,  and  Cryplogramma  acrostichoides. 
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Un  the  .suinuiit  ul  the  plateau  through  wliich  tlie  canyon 
runs  are  many  wide  treeless  expanses,  thickly  covered  with 
grasses  and  other  herbaceous  vegetation.  Here  and  there 
through  the  meadows  are  small  ponds  and  sluggish  streams 
bordered  with  sedges  {Carex  sp.).  The  ponds  often  contain 
Sparganium  angustifolium,  CalUtriche  palustris,  and  two  species 
of  Lemna.  The  meadow  grasses  are  the  tall-growing  Feshica 
thurberi,  Foa  interior,  Danthonia  intermedia,  Stipu  kttermanii, 
Sitanion  calif ornicum ,  and  Phlenm  alpinum.  Dugaldea  hoopesii, 
Pyrrocoma  crocea,  Veratrum  tenuipelalum ,  and  Campanula  petio- 
lata  are  abundant  and  showy  plants. 

It  is  along  the  small  brooks  tributary  to  tlie  Brazos  and 
having  their  source  in  springs  at  the  foot  of  the  escarpment  of 
the  plateau  that  herbaceous  vegetation  is  rankest.  Some  of 
these  streams  fall  down  over  rounded  boulders;  others  have 
cut  deep  and  narrow  channels  through  the  soil  among  the  trees, 
often  spreading  out  to  form  swamps.  Characteristic  of  these 
hydrophilous  plants  are  Aster  cnnbyi  and  .1.  hurkei,  Aralia  hi- 
crenata,  Viola  nepliropliylla,  Riunex  occidentalis,  Crunoiollis 
chamissonis,  Panicularia  pauciflora,  Calamagrostis  canadensis, 
Actaea  viridifiora,  Aconitum  bakeri,  Rudbeckia  laciniaia,  Cap- 
noides  brandegei,  Senecio  chlorarithus,  Epilobium  novomexicanum, 
Ligusticum  porteri,  Conioselinum  scopidorum,  Alsine  baicalensis, 
Sagina  saginoides,  Sanicula  marilandica,  Heracleum  lanatum, 
Cirsium  pnUiduni,  Castilleja  sidpJntrescenti,  Humulus  lupulus 
neomexicana,  Geum  oregonense,  Streptopus  amjAcxifoliuti,  Cynthia 
viridis,  Hydrophyllum  fendleri,  and  Mimulus  pubescens.  The 
wild  hop  is  very  abundant  on  rocks  along  the  brooks,  and  equally 
so  is  Aralia  bicrenata,  whicli  gets  to  be  four  feet  high  or  more. 
One  of  the  most  conspicuous  plants  is  Athyrium  cydoaorum, 
forming  great  clumps  at  the  very  edge  of  the  water. 

Mosses  and  lichens  are  abundant  in  this  zone,  as  to  number 
of  individuals  if  not  of  species.  The  rocks  along  the  streams 
are  usually  carpeted  with  mosses.  Lichens  are  not  frequent 
on  the  trees,  although  a  species  of  Usnea  is  conspicuous  locally, 
hanging  from  the  branches  of  the  spruces;  but  rock  lichens  are 
very  al)undant,  covering  the  faces  of  the  cliffs  and  the  loose 
rocks  of  the  tahis  slopes. 
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Fig.  2.  Face  of  llic  escarpment  of  tln'  philcaii  tlnouuli  which  Brazos  Canyon 
runs.  Aspen  in  the  forcprovmcl;  yellow  pine,  Donulns  sprnee,  and  white  fir  in 
the  distance. 
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TRANSITION    ZONE 


Extensive  lumbering  operations  have  been  carried  on  about 
Tierra  Amarilla  and  well  up  toward  the  Brazos  Ciuiyon,  where- 
ever  surface  conditions  are  favorable.  It  is  chiefly  the  timber 
of  the  Transition  Zone  that  has  been  cut,  for  that  of  the  Canadian 
Zone  is  usuallj-  on  slopes  or  in  canyons  which  are  difficultly 
accessible.  On  the  lower  hills  and  in  the  valleys  about  C'hania 
the  general  aspect  of  the  vegetation  has  been  much  changed  In' 
man,  and  most  of  the  large  trees  have  been  cut  off.  Apparently 
lumbering  has  been  carried  on  in  a  rational  fashion,  and  there 
arc  none  of  the  burns  or  of  the  tracts  covered  with  dead  branches 
that  spell  desolation  where  the  country  has  been  "skinned," 
as  it  has  in  so  many  places  in  both  the  west  and  the  east.  The 
j'ellow  pine  is  being  gradually  reestablished  by  nature  and 
young  trees  are  seen  everywhere,  while  the  white  fir  rei)roduces 
rapidly  where  conditions  are  at  all  favorable. 

The  vegetation  of  the  Transition  Zone  in  this  region  maj'  be 
divided  into  two  areas,  typical  Transition  and  Transition  in 
which  there  is  a  large  Upper  Sonoran  clement.  The  first  in- 
cludes the  mountain  sides  and  the  banks  of  the  streams  at  their 
bases:  and  the  second  embraces  the  valley  jiroper  of  the  Chama 
River  and  the  slopes  of  the  low  hills.  The  liii(>  l)etween  the  two 
is  rather  sharply  marked;  for  while  both  are,  or  have  been, 
covered  with  yellow  pine,  the  herbaceous  vegetation  is  com- 
posed largely  of  different  species,  although  many  herbs  and 
shrubs  are  common  to  both,  just  as  many  are  common  to  the 
Transition  and  Upper  Sonoran  zones. 

In  the  life  zone  map  of  New  Mexico  published  recenth'-  there 
is  shown  a  broad  belt  of  the  Upper  Sonoran  extending  along 
the  Chama  River  from  Tierra  Amarilla  to  Chama.  This  is 
certainly  incorrect,  if  one  is  to  judge  of  the  zones  by  the  limits 
laid  down  by  the  author  of  the  text  which  accompanies  the  map. 
The  Transition,  in  northern  New  Mexico,  is  the  zone  of  j-ellow 
pine,  and  all  of  the  area  under  discussion  is  or  was  once  covered 
by  that  tree,  except  along  the  banks  of  the  streams.     There  is 

'  Bailey,  Vernon,  Lifo  zonos  and  crop  zones  of  Xcw  Mexico.  N.  Aniev.  I'aiina 
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too  great  a  tendencj^  among  makers  of  life  zone  maps  to  show 
the  lower  zones  extending  up  into  the  upper  ones  along  the 
streams.  In  New  Mexico  this  is  true  in  a  general  way  of  the 
large  streams.  In  the  great  valley  of  the  Rio  Grande,  for 
instance,  taking  the  valley  as  a  whole  and  not  merely  the  flood 
plain  of  the  river,  the  Lower  Sonoran  vegetation  extends  far  to 
the  northward.  Along  small  streams,  like  the  Chama  and 
Brazos,  just  the  reverse  is  true  in  a  region  of  low  rainfall  like 
New  Mexico.  Here,  under  the  favorable  conditions  of  mois- 
ture, as  well  as  temperature  (although  this  latter  is  not  readily 
apparent  but  is  easily  accounted  for),  the  vegetation  of  the  higher 
zones  is  carried  far  down  into  the  lower  ones  and  should  be  shown 
on  a  map  as  tongues  extending  down,  not  as  recessions.  This 
is  probably  not  true  in  a  humid  region,  but  it  certainly  is  the 
case  in  New  Mexico. 

Typical  Transition  Zone 

The  one  tree  here  is  the  yellow  pine  (Pitius  brachyptcra) , 
except  along  the  creeks,  where  the  mountain  cottonwood  (Popu- 
lus  angustifoUa)  replaces  it.  The  stand  of  pine  about  the  Brazos 
Canyon  and  Tierra  Amarilla  is  nowhere  heavy,  but  this  is 
doubtless  the  result  of  lumbering,  for.  farther  west,  on  the 
.Ticarilla  Apache  Reservation,  under  similar  conditions,  the 
stand  is  equal  to  any  in  the  State. 

The  vegetation  of  this  division  of  the  Transition  Zone  is  very 
uniform,  except  along  the  streams  and  on  the  rock  sUdes,  be- 
cause the  conditions  of  moisture,  soil,  and  exposure  are  every- 
where similar.  On  the  rock  slides  few  trees  can  find  a  foothold, 
but  there  are  many  shrubs,  chieHy Amelanchier  sp., Parfws  mclano- 
carpa,  Grossuluria  leptantha,  and  Sericothcca  dumosa.  A  few 
scattered  shrubs  of  Juniperus  scopulorum  were  seen  on  tlie 
rocks,  probably  introduced  by  birds.  Some  of  the  herbaceous 
plants  noticed  as  common  are  Fericome  caudaia,  Colcomnlhus 
grandijlorus,  Eupatorium  fendleri,  Chrysopis  villosa,  and  Cap- 
noides  auretim,  these  mingling  with  others  that  are  properly 
Canadian.  The  banks  of  the  Brazos  are  lined  with  mountain 
cottonwoods,  wiiich  extend  up  as  far  as  the  mouth  of  the  canyon. 
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AccDinpaiiyiiig  these  trees  are  shrubs  like  the  ehoke-cherry, 
service-berry,  gooseberry  {Grossularia  leplantha),  and  willow 
(Salix  bebbiana),  and  numerous  hydrophilous  herbs,  such  as 
Aster  laevis,  A.  frondeus,  and  A.  vootonii,  Apocynum  ficnpnlorvm , 
E /niobium  iiovomcriccmum,  and  Prunella  vuhjaris. 

Elsewhere,  on  the  slopes  havinfj;  nornial  eonditions  of  soil, 
moisture,  and  exjiosure,  there  is  usually  a  heavy  shrubby  under- 
growth, composed  chiefly  of  deciduous  scrub-oaks.  The  thick- 
ets are  often  very  dense,  but  there  are  many  open  places  among 


Fig.  3.     Yellow  pine  with  undergrowth  of  scrub-oak.     Young  [lines  nuiy  be 
seen  on  the  right.     This  is  tj'pical  Transition  vegetation. 

them  and  at  higher  altitudes  they  gradually  disappear.  Other 
accompanying  shrubs  are  Padus  melanocarpa ,  Amelanchier, 
I'va-ursi  uva-ursi,  Ceanothus  fendleri,  Symphoricarpos  oreo- 
philus,  Odostomon  repens,  Berberis  fendleri,  and  Sericolheca 
dumosa.  It  was  interesting  to  find  Yucca  angustifolia  common 
in  the  Transition  Zone,  a  few  individuals  growing  in  the  shade 
even  of  firs.  It  had  been  believed  hitherto  that  in  New  Mexico 
only  one  .species  of  ^  ucca,  }  .  baileyi,^  reached  such  a  high 
altitude. 


3  Contr.  U.  S.  Nat.  Herb.  16:  114.     1913. 
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The  herbaceous  vegetation  is  varied,  including  numerous 
species,  but  the  season  was  so  far  advanced  that  many  of  the 
earHer  plants  had  withered.  Prominent  among  those  in  flower 
or  fruit  in  August  and  September  were  several  species  of  Eri- 
geron,  Machaeranthera  higelovii,  Aster  laevis  and  A.  commutatus, 
Chrysopsis  villosa,  Orthocarpus  luteus,  Moldavica  parviflora, 
(rymnolotnia  muUiflora,  Agoseris  purpurea,  Villanova  dissecta, 
Achillea  lanulosa,  Gilia  aggregaia,  Collomia  linearis,  Pentslemon 
torreyi,  Gnaphalium  strictum  and  G.  sulphur escens,  Andropogon 
furcatus,  Vicia americana,  Lathyrus  leucanthus,  Anisolohis  wrightii, 
Rhinanthus  crista-galli,  Gayophytum  intermedium,  Polygonum 
douglasii,  Lithospermum  multiflorum,  Castilleja  confusa,  SoUdago 
trinervata,  Arenaria  confusa,  Xanthoxalis  stricta,  Arabis  hirsuta, 
Pterospora  andromedea,  Galium  boreale,  Thalictrum  fendleri, 
Epilobium  adenocladum,  Lappula  occidentalis,  Oxytropis  deflexus, 
Vrtica  gracilis.  Anemone  cylindrica,  Geranium  richardsonii  and 
G.  atropurpureum,  Mentha  penardi,  and  Silenc  hallii.  Despite 
the  lateness  of  the  season  many  plants  of  the  wild  strawberries, 
Fragaria  bracteata  and  F.  ovalis,  were  still  in  flower.  The  vegeta- 
tion of  this  zone  in  the  Brazos  region,  as  a  whole,  is  very  similar 
to  that  of  the  corresponding  tracts  in  the  Santa  Fe  and  T,as 
\'egas  Mountains,  most  of  the  species  being  common  to  both 
areas.  The  greater  part  of  them,  too,  are  found  in  the  moun- 
tains farther  south  in  the  State,  such  as  the  Sandia,  White,  and 
-Mogollon  ranges. 

Lower  Division  of  the  Transition  Zone 

As  stated  before,  in  addition  to  many  species  typical,  of  the 
Transition  Zone,  this  area  includes  many  plants  common  also 
in  the  Upjier  Scmoran.  It  is  confined,  in  this  region,  to  the 
\alley  of  tlie  Brazos,  from  Tierra  Amarilla  to  within  about  four 
and  a  half  miles  of  the  mouth  of  the  canyon,  or  the  point  where 
the  river  leaves  the  hills  and  comes  out  into  a  broad,  open  valley, 
to  the  lower  slopes  of  the  hills,  and  to  the  broad  o])en  valley  of 
the  ("hama.  The  pines  here  have  mostly  been  cut  away,  only 
the  stumps  remaining  to  show  their  original  distribution.     On 
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the  hillsides  the  scrub-oak  gives  place  to  sagebrush  [Artemisia 
tridentata)  and  rabbit-brush  {Chrysothamnus  graveolens,  C.  vaseyi, 
and  C.  parryi),  but  these  shrubs  occur  only  sparsely  and  are 
nowhere  so  dense  as  one  often  finds  them  in  typical  Upper 
Sonoran  areas.  Some  of  the  characteristic  herbs  are  Aniaran- 
thus  powellii,  A.  pubescens,  and  A.  blitoides,  Pentstemon  xylus, 
Chenopodiurn  leplophyUum , Eriogonum  cernuum  and£.  racemosum, 
Gutierrezia  tenuis,  Aster  crassulus,  Stanleya  glauca,  Helianthus 
annuus,  Hymenoxys  florihunda,  Grindelia  pinnatifida,  Sideran- 
thus  gracilis,  Bouteloua  gracilis  and  B.  prostrata,  Agropyron 
smithii,  Atriplex  rosea,  Boebera  papposa,  Madia  glomerata, 
Anogra  corona pif alia,  Artemisia  dracuncuhides,  Ratibida  colum- 
naris,  and  Senecio  multicapitatus.  Nearly  all  of  these  are  Upper 
Sonoran  plants,  but  associated  with  thcin  are  fully  as  many 
others  that  are  typical  of  the  Transition  Zone. 

Where  the  valley  of  the  Brazos  widens  there  are  broad  flats, 
sometimes  on  one  and  sometimes  on  both  sides  of  the  stream. 
When  the  winter  snows  are  melting  the  water  cuts  new  channels 
across  this  flood  plain,  where  it  is  not  protected  by  cultivation, 
depositing  soil  in  some  places  and  in  others  washing  it  away 
and  UniA'ing  beds  of  rounded  stones  or  gravel.  This  area  is 
overgrown  with  mountain  cottonwoods,  which  reproduce  rapidly 
and  often  reach  a  large  size.  Cedars  {Juniperus  scopulorum) 
grow  with  them  in  places,  usually  in  thick  shade,  where  they 
seem  out  of  place.  Probably  cedars  were  more  abundant 
formerly  in  the  valley  and  on  the  hillsides,  before  they  were  cut 
for  firewood.  There  are  scattered  shrubs  of  sagebrush  and 
rabbit-brush  here,  as  well  as  on  the  hills. 

The  herbaceous  plants  of  the  flood  plain  are  much  like  those 
of  the  hillsides,  except  that  there  is  a  greater  proportion  of 
typical  Transition  plants.  Clematis  ligusticifolia  climbs  o\-er 
many  of  the  cottonwoods.  Large  areas  are  covei'ed  with  a 
thick  growth  of  Antentiaria  microphylla  and  a  white-flowered 
perennial  lupine.  Many  species  of  grasses  abound,  but  the 
number  of  individuals  is  smaller  than  on  the  hillsides.  On 
gravel  banks  and  in  moist  soil  common  plants  are  Argentina 
anserina,    Halerpestes    cymbalaria,    Sideranthus    gracilis,   Aster 
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icootonii,  Verbena  brudcom,  Munroa  squarrosa,  Castilleja  linariae- 
folia,  Madia  glomerata,  Marilaunidium  angustifolium ,  Stachys 
scopulorum,  Lactuca  pulchella,  Rumex  mexicanus,  and  Lathyrus 
decaphyllus. 

The  vegetation  of  the  Brazos  Canyon  region  thus  illustrates 
two  of  the  most  characteristic  Hfe  zones  of  New  Mexico,  the 
Canadian  and  Transition,  the  second  of  which  shows  two  well 
differentiated  subdivisions.  It  is  typical  of  many  of  the  moun- 
tain areas  of  New  Mexico,  although  the  writer  is  not  prepared 
to  state  that  the  same  divisions  of  the  Transition  can  be  made 
everywhere.  Although  scenically  the  region  is  equalled  by  few 
in  the  State,  floristically  it  is  surpassed  in  interest  by  many 
other  areas,  for  in  number  of  species  the  Hora  appears  to  be 
much  inferior,  for  example,  to  that  of  the  Santa  Fc  and  Las 
Vegas  ranges,  and  there  is  found  none  of  that  Mexican  element 
which  makes  the  White  and  INIogollon  Mountains  so  interesting 
botanicallj'. 


FURTHER  OBSERVATIONS  ON  THE   ORIGIN   OF  THE 
GALAPAGOS   ISLANDS 

ALBAN    STEWART 
University  of  Wisconsin,  Madison,  Wis. 

Probably  the  origin  of  insular  faunas  and  floras  will  ever  re- 
main a  fascinating  problem  for  students  of  geographical  dis- 
trilnition.  I  have  read  with  much  interest  Scharff's  excellent 
book,  Distribution  and  Origin  of  Life  in  America/  and  with 
especial  interest  that  chapter  that  deals  with  the  biological 
conditions  on  the  Galapagos  Islands.  I  wish  to  offer  no  criti- 
cism on  this  work  as  a  whole,  nor  do  I  consider  that  I  am  in  a 
position  to  do  so,  but  I  do  feel  that  an  entire  year  of  residence 
upon  these  islands  and  my  subsequent  study  of  their  flora,  ex- 
tending over  a  period  of  several  years,  enables  me  to  speak  with 
some  confidence  about  the  conditions  which  occur  there,  and 
to  express  an  opinion  concerning  the  origin  of  the  flora,  and  of 
the  islands  themselves. 

For  one  who  is  fairly  well  acquainted  with  the  conditions 
upon  these  islands,  I  do  not  feel  that  Scharff  has  treated  the 
subject  with  entire  justice.  Rather  it  seems  that  he  has  brought 
forward  the  evidence  which  best  supports  his  own  views  in  re- 
gard to  the  origm  of  these  islands,  etc.,  and  has  overlooked  much 
other  evidence  that  might  well  have  been  presented  in  a  work 
of  so  extensive  a  nature. 

It  is  hardly  necessary  to  present  in  detail  the  different  theories 
that  have  been  advanced  to  explain  the  origin  of  these  islands. 
It  is  sufficient  to  say  that  such  authorities  as  Darwin,  Wallace, 
Agassiz,  etc.  believed  that  they  were  oceanic,  and  that  each 
island  had  arisen  separately  from  the  ocean.  This  theory  was 
held  for  mam-  years,  and  Baur-  was  the  first  one  to  oppose  it 

'  The  Mac.Milhui  Coinpimy,  N.  Y.,  1912. 

=  On  the  Origin  of  tho  Galapagos  Island.s.  Am.  Nat.  xxv,  jjp.  217-229,  307- 
326,  1S91. 
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seriously.  His  theory  was,  that  the  islands  had  all  been  joined 
together  at  some  time  in  the  past,  and  at  a  still  earlier  period 
they  had  been  connected  with  the  continent  of  North  America, 
presumably  in  the  region  of  Central  America.  Baur  had  not 
been  upon  the  islands  when  he  formulated  his  theory,  but  he 
visited  them  subsequently,  apparently  in  part  to  obtain  evi- 
dence to  support  his  views.  My  own  study  of  the  flora  of  these 
islands^  led  me  to  a  somewhat  different  view  from  either  of  the 
above — viz.,  that  the}-  are  truly  oceanic  in  their  origin,  but  that 
they  have  been  connected  together  at  some  time  in  the  past 
in  such  a  way  as  to  form  one  or  more  larger  islands,  which  by 
subsidence  has  resulted  in  the  present  condition.  From  the 
study  of  the  flora  I  found  no  evidence  which  would  lead  me  to 
believe  that  a  land  connection  with  either  of  the  American  con- 
tinents had  ever  existed.  In  fact  most  of  the  evidence  would 
lead  to  the  opposite  conclusion.  As  these  views  have  been  set 
forth  in  a  former  paper,'  it  is  unnecessary  to  repeat  them  here. 

I  do  not  wish  to  go  into  the  zoological  side  of  the  question 
to  anj^  extent  as  there  are  others  who  are  better  qualified  to 
criticise  this  part  of  the  work  than  myself.  I  will,  however,  dwell 
briefly  on  a  few  important  matters.  It  would  have  been  rather 
appropriate  for  Scharff  to  have  offered  some  explanation  as  to 
why  there  is  a  fairly  abundant  reptilian  fauna  upon  the  islands 
and  at  the  same  time  an  entire  absence  of  batrachians.  It 
would  also  have  been  well  for  hun  to  have  explained  why'  the 
mammalian  fauna,  other  than  that  which  is  known  to  have  been 
introduced  by  man,  consists  only  of  bats,  mice,  and  rats,  for  it 
is  not  likely  that  these  would  have  l)een  the  onh'  mammals  that 
would  ha\e  wandered  there  if  the  islands  had  ever  been  a  part 
of  the  continent.  It  is  hardly  likely  that  the  conditions  could 
have  been  so  adverse  on  the  islands,  since  their  supposed  separa- 
tion from  the  mainland,  as  to  exterminate  all  but  these  few  re- 
maining forms. 

The  ability  of  tlic  hiiid  tortoises  to  get  to  the  islands  seems  to 

'  A  Botanical  Survey  of  the  Galapagos  Islands.     Proc.Cal.  Arad.  Sci.,  fourth 
series,  Vol.  1,  pp.  7-288,  1911. 
'  L.  <•.,  ].,).  2.33-24.3. 
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liave  hpon  difticult  for  Scharff  to  cx])!;!!!!,  unless  ii  foniier  hind 
connection  with  the  continent  be  tidinitted.     This  has  probahly 
come  about  through  an  error  that  has  crept  into  the  literature 
concerning  the  abihty  of  these  tortoises  to  remain  aHvc  in  water. 
Scharff  quotes  a  statement  from  Gadow,'^  in  which  it  is  stated 
that  land  tortoises  are  drowned  after  a  few  hours'  immersion  in 
water,  a  statement  that  ma}-  be  true  enough  for  land  tortoises 
in  general  but  will  not  apply  to  the  Galapagos  Island  tortoises 
as   our   own   exi)ericnce  proved,     \\hile  collecting   at   Iguana 
Cove,  on  the  southwest  side  of  Albemarle  Island,  it  became  neces- 
sary to  load  some  tortoises  into  a  small  boat  at  some  distance 
down  the  coast  from  where  our  vessel  was  anchored.     The  shore 
was  unprotected  at  this  place,  and  there  was  a  strong  swell 
running  which  broke  heavily  on  the  shore  at  times.     The  boat 
was  capsized  wliile  loading  one  of  the  tortoises  into  it  from  the 
water,  and  before  it  could  be  gotten  to  a  place  of  safety  was 
caught  by  a  heavy  breaker  and  completely  demoUshed  on  the 
rocks.     The  tortoises  thus  escaped  in  the  water  and  it  was 
thought  that  we  had  seen  the  last  of  them.     We  were  very 
much  surprised  the  following  day,  however,   to  find  that  the 
remains  of  the  boat  had  been  floated  down  in  the  vicinity  of 
the  vessel,  and  by  keeping  a  sharp  lookout  we  were  able  to  pick 
up  both  of  the  lost  tortoises  during  the  day.     They  had  been 
in  the  water  twenty  or  more  hours  and  did  not  seem  to  have 
suffered  any  particular  damage,  except  that  one  of  them  had 
been  slightly  injured  by  being  thrown  against  the  rocks  when 
the  boat  capsized.     That  they  are  able  to  live  in  the  water  for 
a  much  longer  period  is  shown  by  the  statement. of  Admiral 
David  Porter"  who  spent  some  time  in  the  vicinity  of  the  Galapa- 
gos Islands  during  the  early  part  of  the  last  century.     Porter 
mentions  with  regret  the  fact  that  the  crews  of  some  of  the 
vessels,  recently  captured  by  hmi,  had  thrown  their  supply  of 
tortoises  overboard  in  preparing  for  action  and  states  further: 
"a  few  days  nfterwarch,  at  dayliglit  in  the  morning,  we  were  so 

'  Amphibia  and  Reptiles,  p.  373.  . 

« .Journal  of  a  Cruise  made  to  the  Pacific  Oc-ean  in  the  fnited  States  I-ngate 
Essex,  p.  162. 
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fortunate  as  to  find  ourselves  surrounded  by  about  fifty  of  them, 
which  were  picked  up  and  brought  on  board."  He  also  says  in 
this  connection  that  these  tortoises  can  be  piled  away  in  the 
hold  of  a  ship  for  eighteen  months  without  suffering  any 
diminution  in  fatness  or  excellence.  It  can  be  seen  from  this 
that  there  is  no  reason  for  believing  that  these  tortoises  would 
not  be  able  to  remain  afloat  for  weeks  or  even  months  without 
suffering  greatly.  They  always  float  right-side-up  in  the  water, 
and  if  they  are  inverted  inunediately  right  themselves  as  soon 
as  they  are  released. 

The  suggestion  of  Dr.  Stearns"  that  much  animal  life  might 
have  been  transported  on  floating  trees,  etc.,  is  criticised  bj^ 
Scharff,  and  the  impression  is  given  that  the  Hinnboldt  is  the 
only  oceanic  current  that  bathes  the  shores  of  these  islands. 
This  is  probably  true  for  the  southern  islands  of  the  grou]), 
but  not  the  northern,  as  they  lie  within  the  Panama  current 
and  the  waters  surrounding  them  are  about  ten  degrees  warmer 
than  around  the  southern  islands  at  the  same  season  of  the  year,*' 
a  fact  that  is  also  mentioned  by  Baur.-'  Pieces  of  bamboo  ant! 
cocoanut  husks  are  common  constituents  of  the  drift  cast  up 
on  the  shores  of  the  Galapagos  Islands.  These  could  hardly 
be  brought  hence  by  the  Humboldt  current.  Such  a  method 
of  transport  is  thus  possible,  but  whether  or  not  mollusks,  in- 
sects, etc.,  would  be  able  to  withstand  so  long  a  sea  voyage  I 
am  unable  to  say.  Presumably  Dr.  Stearns  was  sufliciently 
well  acquainted  with  these  to  speak  with  confidence  in  regard 
to  their  tenacity  of  life. 

The  (luestion  is  asked'"  why  the  agtuicies  of  accidental  trans- 
port should  have  been  so  much  more  jiotent  in  the  distant  jmst 
than  they  are  now.  'I'lic  \ascular  flora  seems  to  answer  this 
(|uestion  by  showing  tliat  tlicse  agent-ies  might  not  have  been 
more  potent  in  the  past,  and  tliat  it  is  i)ossible  that  many  plants 
have  been   brought    to  the  i.slands  within  comparatively  recent 

'  MoIlusk-fauiKi  of  the  Galapagos  Islands,  p.  300. 
»  Stewart,  I.e.,  pp.  226-227. 
'  Baur.,  I.e.,  p.  222. 
'"Scharff,  I.e.,  p.  301. 
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times,  or  at  least  since  the  difTerent  islands  became  se])arated 
from  each  other.  There  are  u])(>n  these  islands  some  two  hun- 
dred and  sixteen  species,  varieties,  and  forms  of  plants,  or  35% 
of  the  flora,  which  are  confined  to  a  single  island.  Of  these  one 
hundred  and  one  species  are  endemic,  leaving  one  hundred  and 
fifteen  species,  or  about  18%  of  the  flora  with  a  wider  distribu- 
tion on  the  mainland.  It  is  likely  that  further  collecting  upon 
the  islands  will  extend  the  range  of  some  of  these  species,  Ijut  a 
large  number  of  them  must  be  confined  to  a  single  island,  as 
many  are  of  such  a  size  that  they  would  hardly  be  overlooked 
by  even  the  most  casual  collector.  Sapiiidus  Saponaria  L. 
is  a  conspicuous  example  of  this  class.  There  is  such  a  similarity 
of  climatic  conditions  at  like  elevations  on  many  of  the  islands, 
as  well  as  a  similarity  of  soil,  that  it  is  improbable  that  so  many 
species  would  be  confinetl  to  such  restricted  areas  if  they  had  been 
present  upon  the  islands  before  their  final  separation  from  each 
other.  Furthermore,  each  succeeding  expedition  to  the  islands 
brings  back  a  considera])le  number  of  species  not  before  known 
to  occur  there,  which  have  a  wider  distribution  on  the  main- 
land. This  might  indicate  that  there  is  a  more  or  less  con- 
stant introduction  of  plants  by  the  \arious  agencies  of  chance 
distribution. 

There  are  a  number  of  erroneous  ideas  prevalent  concerning 
the  botanical  conditions  on  these  islands,  among  whicli  is  the 
supposed  alpine  flora.  This  idea  has  probably  arisen  through 
Wolfs""  observations  on  Charles  Island.  This  author  states 
that  the  vegetation  at  an  elevation  of  900  feet  on  this  island  bears 
a  striking  resemblance  to  the  vegetation  in  the  Andes  mountains 
at  an  elevation  of  9000  feet,  a  statement  that  was  seized  upon 
by  Baur'-  to  support  his  subsidence  theory.  If  Wolf  had  made 
his  observations  at  similar  elevations  on  either  the  south  side 
of  Albemarle  or  Indefatigable  Islands,  or,  at  a  somewhat  higher 
ele\ation  on  .James  Island,  he  would  have  found  the  conditions 
entirely  different  from  those  he  describes,  and  might  have  con- 
cluded that  the  general  make-up  of  the  vegetation  was  more  like 

"  Die  Galapagos  Inselii,  pp.  257-260. 
'=  L.  c,  p.  309. 
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that  of  the  moist  costal  region  of  Ecuador  than  the  mountainous 
part.  On  the  three  islands  just -mentioned,  there  are  lofty  for- 
ests covered  with  lianes  and  epiphytes,  while  the  ground  be- 
neath is  carpeted  with  ferns  and  mesophytic  plants,  conditions 
which  are  about  as  far  from  alpine  as  could  he  well  imagineil. 
The  peculiar  conditions  on  Charles  Island  seem  to  be  due  to 
the  loose  nature  of  the  soil  and  the  smaller  amount  of  precipi- 
tation. The  same  species,  Scalesia  pedunculata,  forms  a  very 
large  per  cent  of  the  forest  trees  on  Charles,  Indefatigable,  and 
James  Islands;  they  are  low  and  rather  stunted  on  the  first  of 
these,  but  lofty  on  the  last  two.  The  highest  nioimtains  on  the 
islands  must  have  been  14,700  feet  high,  according  to  Baur,^-^ 
before  the  supposed  land  connection  between  the  islands  and  the 
mainland  was  lost.  Such  mountains  would  evidently  have  sup- 
ported quite  an  extensive  alpine  flora,  some  little  of  which  should 
have  persisted  to  the  present  time.  I  found  but  little  evidence 
of  anything  of  tlie  kind  in  my  collecting  around  the  sununits 
of  the  Galapagos  mountains,  the  species  which  occur  in  such 
localities  Ijeing  usually  of  a  more  or  less  mesophytic  type.  They 
are  in  most  instances,  the  same  species  which  occur  lower  down, 
in  the  moist  regions  of  the  islands,  but  when  they  grow  on  the 
wind-swept  areas  around  the  summits,  thej^  are  visually  greatlj' 
reduced  in  size.  There  are  no  plants  which  have  the  rosette 
habit,  large  and  brilliantly  colored  flowers,  excessive  pubescence, 
or  other  characters  that  one  would  expect  to  find  in  an  alpine 
flora.  If  one  confines  his  observations  to  the  dryer  islands, 
a  desert  flora  will  \w  found  there  but  not  an  alpine  flora. 

The  conditions  around  these  mountain  tops  are  such  that 
alpine  plants  would  probably  have  persisted  if  they  had  ever 
been  present  there.  The  vegetation  is  very  low  in  many  places 
so  that  it  is  hartlly  possible  that  alpine  plants  would  have  been 
exterminated  b}-  sliading.  Furthermore,  the  temperature  around 
the  summits  of  the  mountains  is  far  from  tropical.  I  spent  a 
night  at  the  top  of  the  mountain  northeast  of  Tagus  Cove, 
-Vlbemarle  Island,  at  an  elevation  of  4000  feet,  and  I  passed  the 
most  of   the   time   Inuhllod   over  a   small   camp-fire   shivering. 

"  L.  c,  p.  309. 
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It  was  actually  cold  there,  and  this  was  in  the  month  of  .March 
before  the  coolest  part  of  the  year  had  begun.  Air  toniiieiatures 
below  70°  F.  are  not  at  all  uncommon  at  sea  level. 

The  forms  of  Euphorbia  viminea,  which  ScharfT'-"  discusses  at 
some  length,  liave  little  bearing  on  the  subject  of  origin  if  we 
admit  the  possibility  of  a  former  union  of  the  islands  with  each 
other  but  not  with  the  mainland.  If  he  had  taken  the  trouble 
to  examine  the  latest  flora  of  these  islands'^  he  would  have  found 
that  two  of  the  forms  described  for  this  species  have  already 
been  collected  upon  more  than  one  of  the  islands.  I  believe 
that  this  will  eventually  have  but  little  to  do  with  the  subject 
anj'how  because  there  is  some  tjuostion  about  the  distinctness 
of  some  of  the  so-called  CJalapagos  Island  forms.  In  fact  I 
will  shortly  show  that  they  do  not  exist  in  one  of  the  species 
in  which  varietal  forms  have  been  described.  We  are  dealing 
upon  these  islands  with  a  variety  of  climatic  conditions  as  well 
as  different  kinds  of  soil.  It  is  often  the  case  that  a  few  hun- 
dred feet  difference  in  elevation  will  show  ahnost  an  entire  change 
in  the  character  of  the  vegetation,  from  extremely  xerophytic 
to  mesophytic  types.  A  considerable  nmnber  of  species  are 
not  confined  to  any  one  of  such  zones,  however,  but  may  occur 
to  a  greater  or  less  extent  in  all  of  them,  with  a  corresponding 
change  in  habit  and  general  appearance  in  each."^  Some  of  the 
species  which  occur  near  sea  level  as  mere  bu.shes,  assume  the 
size  of  forest  trees  in  the  moister  interior  regions  of  the  islands. 
Such  marked  changes  in  stature  have  a  corresponding  effect  upon 
the  length  of  internodes,  size  of  the  leaves,  etc.  Formal  dilTer- 
ences  are  of  course  very  slight,  and  it  is  rather  unsafe  to  establish 
them  in  woody  species  which  may  occur  under  a  variety  of  con- 
ditions, unless  we  have  a  larger  series  of  specimens  upon  which  to 
base  them  than  has  thus  far  been  collected  from  Galapagos  Islands. 

My  own  work  on  the  flora  of  these  islands  is  dismissed  by 

>«L.  c,  pp.  314-315. 

^''  Stewart,  I.  c,  p.  93. 

"  See  Stewart,  I.  c,  p.  77  for  changes  brought  about  in  the  appearance  of 
lihynchosia  minima  (L.)  DC.  by  the  different  climatic  conditions  at  different 
elevations. 
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Scharff''  with  the  statement  that  I  have  produced  no  new  data 
for  or  agamst  a  former  land  connection  with  the  mainland.     It 
is  true  that  I  did  not  discuss  this  phase  of  the  subject  at  great 
length  in  my  former  paper  on  the  Galapagos  flora,  because, 
after  I  had  tabulated  my  results'^  the  evidence  was  so  strongly 
against  the  theory  of  a  continental  origin  that  I  considered  an 
extended  discussion  superfluous.     This  table  shows  that  of  the 
eighty-one  families  of  vascular  plants  represented  upon  the  is- 
lands,   only   thirteen   contain   ten   or   more   species.     Of   these 
Filices,  and  Compositae  stand  at  the  top  of  the  list  with  seventy- 
seven  and  sixty-nine  species  respective^.     Such   a   condition 
as  this  could  hardly  be  possible  if  the  islands  were  the  remains 
of  an  extension  of  the  continent,  because  many  of  these  families 
are  represented  by  a  much  larger  number  of  genera  on  the  main- 
land at  the  present  time.     We  might  well  ask  the  adherents  of 
a  continental  origin,  why  this  condition  should  be,  or  why  so 
manj'  families  are  represented  by  but  a  single  genus  or  even 
species.     Surely  the  mere  fact  of  isolation  would  not  account 
for  it  because  approximately  609c  of  the  species  of  plants  on  the 
islands  at   the  present  tune  have  a  wider  distribution  on  the 
mainland.     Such  a  large  per  cent  of  non-endemic  species  would 
hardly  remain  if  the  conditions  in  the  past  had  been  very  adverse. 
It  seems  that  this  condition  can  hardly  be  accounted  for  unle.ss 
an  oceanic  origin  of  the  islands  is  admitted.     My  work  on  the 
botany  of  Cocos  Island"  strongly  bears  out  this  view,  as  I  have 
shown  that  the  flora  of  this  island  differs  greatly  from  that  of 
the  Galapagos.     If  we  exclude  those  species  which  are  known 
to  have  been  introduced  on  both  islands,  there  are  but  twenty- 
four  common  to  the  two,  eleven  of  which  are  ferns.     There  are 
several  more  .species  of  rather  wide  distribution  conunon  to  the 
two,  which  might  easilj-  have  been  introduced  with  garden  seeds, 
etc.     In  fact,  Captain  August  Gissler,  a  resident  of  the  Cocos 
Island  for  many  years,   told  me  that  Fleurya  aestuans  Gaud, 
had  ai)peared  upon  the  island  since  he  had  been  there,  and 

"  L.  c,  pp.  315-316. 
"  Stewart,  I.  c,  p.  2.3.5. 

"  Notes  on  the  Botany  of  Cocos  Island.     I'loc.  Cal.  Acad.  Sci.,  fourth  series, 
Vol.  1,  pp.  375-404,  1912. 
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that  he  thought  it  had  been  introduced  fniiii  Panama.  !  t'omid 
it  only  in  the  cidtivated  region  around  Wafer  Buy.  It  would 
seem  that  Coeos  Island  should  give  us  the  key  to  the  whole 
situation.  Baur  evidently  considered  this  to  be  the  most  likely 
part  of  the  ocean  in  which  to  construct  his  land  bridge,  as  he 
states=»  that  the  4000  m.  line  connecting  the  Clalapagos  with 
the  central  American  coast,  extends  through  Cocos  Island.  If 
such  a  land  connection  had  ever  (existed  it  is  very  likely  that 
there  would  be  a  much  greater  similarity  in  the  floras  of  the  two 
islands  than  is  the  case,  as  the  climatic  conditions  are  not  so 
dissimilar  but  that  eleven  species  of  ferns  are  common  to  Ik.iIi. 

A  relationship,  though  remote,  between  the  floras  of  _  the 
Galapagos  and  Hawaiian  Islands,  is  implied  by  Scharff.-'  We 
unfortunately  have  no  very  recent  comi^letc  flora  of  the  Hawaiian 
Islands,  but  from  what  is  known  I  find  that  t  here  are  approximate- 
ly twice  as  many  of  the  Calapagos  genei-a  lepresented  upon  the 
Hawaiian  Islands  as  there  are  Cialapagos  species.  This  is  a 
relationship  that  is  about  as  remote  as  it  well  could  be,  and  if 
we  exclude  the  single  species  of  the  Hawaiian  genus  Lipochaeta, 
which  occurs  on  the  Clalapagos  Islantls.  the  relationship  is  prac- 
tically nil.  Hillebrand,  in  his  woi-k  on  the  Hawaiian  flora 
extending  over  a  period  of  years,  found  no  reason  to  l)elieve 
that  the  Hawaiian  Islands  were  ever  less  isolated  than  they 
are  now.  The  water  between  these  islands  and  the  .American 
continent  is  imiformally  3000  fathoms  deep  according  to  Hilie- 
Ijrand.  To  try  to  establish  a  land  connection  between  these 
islands  and  the  Galapagos,  either  directly  or  indirectly,  seems 
to  be  iM-eposterous  so  far  as  th(>  botanical  e\-idence  shows. 

My  work  on  the  Galapagos  flora  has  hnl  me  to  strongly  be- 
lie\e  that  the  only  way  we  can  account  for  its  origin  is  through 
the  chance  methods  of  distribution  of  seeds  and  spores  over 
large  bodies  of  water.  If  w^e  must  invoke  the  aid  of  geographical 
changes  to  account  for  all  the  anomalous  biological  conditions 
that  we  find,  truly  the  Pacific  Ocean  would  look  like  a  spider- 
web  if  the  ghosts  of  all  the  supposed  laiul-bridges  should  suddenly 
rise  up  to  confront  us. 

"  Baur.  I.  c,  p.  22\. 
"  L.  c,  p.   317 
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Limiting  Factors  and  Plant  Growth. — A  most  interesting  con- 
tribution to  tlie  subject  of  climatic  conditions  as  related  to  plant  growth, 
and  one  that  has  apparently  escaped  the  notice  of  many  students  of 
this  subject,  is  Smith's'  study  of  the  giant  bamboo  {Dendrocalamus 
(jujanteus) ,  carried  out  in  Ceylon.  Lock's-  previous  studies  in  the  same 
locality  indicated  that  the  growth  of  this  plant  is  controlled  by  atmos- 
pheric humidity,  while  other  workers  had  secured  contradictory 
results,  or  ones  indicating  that  temperature  is  the  important  control- 
ling condition.  In  the  study  here  considered  Smith  presents  compari- 
sons of  the  rates  of  growth  of  giant  bamboo  with  both  temperature  and 
humidity  contlitions,  and  shows  that  the  one  or  the  other  of  these  two 
conditions  acted  as  the  limiting  factor,  accordingly  as  one  or  the  other 
was  more  variable  during  the  particular  time  period  in  question.  The 
very  rapid  growth  rate  of  the  plant  here  used,  which  exceeded  two 
centimeters  per  hour  in  some  instances,  made  it  possible  to  compari^ 
the  growth  rates  with  the  climatic  conditions  for  relatively  short  time 
periods.  The  rapid  growth  is  supported  by  a  large  reserve  food  supply 
and  thus  may  not  be  compared  directl.v  with  growth  under  conditions 
where  there  is  no  such  supply. 

The  records  of  air  temperature  were  obtained  from  shaded  nieicuiial 
thermometers  and  those  of  relative  humidity  from  readings  of  wet  and 
dry  bulb  thermometers.  Relative  humidity  docs  not,  of  course,  fully 
express  the  moisture  conditions  of  the  environment  as  they  may  affect 
plant  growth,  but  it  may  have  been  the  most  important  factor  influenc- 
ing the  moisture  conditions  in  this  case.  The  bamboos  grew  in  moist 
soil  along  the  borders  of  "tanks"  or  reservoirs,  where  the  water  supply 
was  abundant.  Large  well-cstablishe<l  clumps  were  selected  for  study 
at  each  of  three  stations,  in  difi'erent  climatic  zones:  at  Anuradhapura, 
in  the  hot,  dry  lowlands,  300  feet  above  sealevel;  at  Peradeniya,  in  the 
warm,  moist  region,  1500  f(>et  above  sealevel;  and  at  Hakgala,  in  the 
cool,  m(jist  mountain  region,  5600  feet  above  the  sea.  At  each  of 
these  stations  observations   were  made   upon  the   growth  of  young 

'  Smith,  A.  M.,  On  the  application  of  the  theory  of  limiting  factors  to  measure- 
ments and  observ.ations  of  growth  in  Ceylon.  .\nn.  Roy.  Hot.  (lard.  Peradeniv:! 
3:  30.3. 375.     1906. 

'  Lock,  R.  n.,  On  the  urowtli  of  the  gi;iiit  1)!iimIm)os.  .\nn.  Roy.  Hoi.  (lard. 
Peradeniya  2  (Pt.  II).     1901. 
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culms  at  two-hour  intervals  during  several  daj's,  and  the  growth  rates 
were  compared  with  the  data  of  relative  humidity  and  air  temperature 
for  corresponding  periods. 

At  Hakgala  the  humidity  varied  during  the  day,  but  was  verj'  close 
to  the  saturation  point  throughout  the  night.  During  the  day  the 
growth  rates  of  the  bamboo  culms  varied  directly  with  changes  in  rela- 
tive humidity,  which  ranged  from  88  to  100  per  cent,  in  spite  of  changes 
in  t(!mperature,  which  ranged  from  10°-21°C.  The  rates  of  growth 
at  night  were  usually  much  higher  than  the  day  rates.  They  gradu- 
ally decreased  from  sunset  until  sunrise,  thus  varying  directly  with 
the  rather  small  changes  in  temperature  from  17°  to  13°C.  Tempera- 
ture also  seemed  to  be  effective  in  producing  very  rapid  gi-ow^h  during 
daylight  periods  of  rain;  since  humidity  was  high  at  such  times  and  the 
higher  diurnal  temperatures  produced  more  rapid  growth  than  occurred 
at  night  even  with  the  same  humidity.  Thus,  with  nearly  constant 
humidity,  during  cloudy  days  and  at  night,  temperature  changes 
appear  to  have  been  of  primary  importance  in  controlling  growth. 

Within  the  same  temperature  range,  but  with  larger  variations  in 
humidity,  the  day  rate  was  apparently  mainly  influenced  by  vari- 
ations in  humidity.  Thus  there  were  two  limiting  factors  operating  at 
Hakgala,  temperature  and  humiditj'. 

At  the  other  two  stations  the  relations  of  growth  rates  to  temper- 
ature and  humidity  conditions  were  similar  to  those  just  described, 
but  the  response  of  the  plant  to  temperature  changes  were  here  less 
marked  than  was  the  response  to  humidity  alterations;  changes  in  tem- 
perature were  here  comparatively  slight  (from  22°  to  27°C.),  but  the 
humidity  varied  markedly  and  frequently. 

The  author  emphasizes  the  point  that  relative  humidity  can  be  the 
limiting  factor  only  in  an  indirect  way,  the  real  hmiting  condition 
being  probably  the  transpiration  rate,  which  is  influenced  by  direct 
solar  radiation,  wind  movement  and  the  degree  of  stomatal  closure,  as 
well  as  by  humidity.  At  all  three  stations  the  growth  rates  increased 
very  markedly  at  sunset  and  decreased  as  promptly  at  sunrise,  but  the 
changes  in  humidity  and  temperature  at  these  times  were  not  considered 
to  be  rapid  enough  to  account  fully  for  these  sudden  alterations  in  growth. 
Smith  attributes  these  alterations  rather  to  the  closure  of  the  stomata 
at  sunset  and  their  reopening  at  sunrise  and  to  the  changes  thus  brought 
about  in  the  rate  of  transpiration  than  to  any  direct  influence  of  hght 
upon  growth. 

Somewhat  similar  results  were  also  obtained  with  a  number  of  other 
plants.— F.  T.  McLean. 
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Inorganic  Plant  Poison-s  and  Stimulants. — -Under  the  editor- 
ship of  T.  B.  Wood,  professor  of  agriculture  in  the  University  of  Cam- 
bridge, and  of  E.  J.  Russell,  director  of  the  Rothanisted  Experimental 
Station,  the  series  of  Cambridge  Monographs  is  making  its  appearance. 
Of  these  a  thin  volume  of  about  one  hundred  pages  by  Miss  Brenchlej^,^ 
of  the  Rothanisted  Station,  presents  the  literature  and  our  knowledge 
of  the  influence  of  copper,  zinc,  arsenic,  boron,  and  magnanese  com- 
pounds upon  plants  and  the  soils  in  which  they  are  cultivated. 

Pointing  out  that  different  concentTations  of  the  same  compound 
may  act  as  stimulants  to  growth,  or  to  other  activities,  or  as  repressants 
or  poisons,  IMiss  Brenchley  briefly  discusses  the  bases  of  the  difference 
m  behavior,  without  however  leading  to  any  definite  conclusion  upon 
the  foundation  of  present  knowledge.  In  regard  to  this  and  the  other 
topics  discussed,  perhaps  the  most  valuaJjle  contribution  of  the  author 
is  the  evidence  that,  at  present  we  know  very  little  about  the  subject. 
At  the  same  time  it  should  be  gratefully  acknowledged  that  Miss  Brench- 
ley has  saved  the  average  plant  physiologist  much  time  and  trouble 
by  brmging  together  the  major  part  of  the  hterature  and  briefly  dis- 
cussing the  principal  contributions.  Doubtless  the  specialist  on  plant 
poisons  will  miss  the  reference  to  certain  papers,  but  to  him  such  a  book 
is  less  useful. 

Two  of  the  elements  in  this  list  of  five  are  particularly  interesting 
to  Americans  because  of  their  general  use  in  sprays,  fungicides  and 
insecticides,  namely,  copper  and  arsenic.  The  other  three,  zinc,  boron, 
and  manganese  have  a  much  more  limited  interest,  although  Miss 
Brenchley  concludes  that  manganese  may,  under  certain  conditions, 
be  a  valual)le  stimulant  to  growth  and  crop  production.  Copper  and 
arsenic  appear  not  to  act  as  true  stimulants,  the  beneficial  results  of 
their  use  depending  entirely  upon  the  toxic  action  of  dilute  solutions 
of  their  compounds  upon  the  parasites  attacking  their  less  readily 
permeable  hosts.  The  effect  of  copper  on  germination,  for  instance,, 
is  nil  or  repressant;  but  the  net  result  of  its  use  may  be  advantageous, 
because  the  copper  compound  may  have  killed  fungus  and  bacterial 
spores  adherant  to  the  seed  coats. 

This  book  confirms  the  impression,  increasingly  strong  in  the  re- 
viewer's mind,,  that  the  greatest  need  of  the  biological  sciences  today — 
of  agriculture,  horticulture,  botany,  zoology,  and  all  their  divisions^ 
is  the  application  to  the  study  of  living  organisms  of  those  quahties 
of  mind,  as  well  as  the  tools,  which  the  chemist  and  physicist  must 
po.ssess  or  cease  to  be  chemist  and  phj-sicist  in  any  proper  sense,  namely 
quantitative,  not  merely  quaUtative,  accuracy.  Biology  has  lagged 
behind,  is  still  too  largely  a  descriptive  science,  is  still  mistaking  what 
is  purely  aviation  for  scientific  hypothesis. — George  J.  Peirce. 

'  Hrpnchley,  Winifred  E.,  Inorganic  plant  poisons  !in<l  stimulants.  Pp.  110, 
fiKs.  19.     C.nmbridgc  University  Press,  1914  ($1.2.^).  . 


NOTES  AND  COMMENT 

A  writer  in  the  April  issue  of  Torreya  criticizes  severely  the  inaiincr 
in  which  papers  are  presented  at  the  scientific  meetings,  giving  a  de- 
tailed diagnosis  of  the  defects  which  he  discovered  in  attendance  at  the 
Philadelphia  session  of  the  American  Association.  The  titles  are 
uninforniing,  technique  and  principles  are  intermixed,  charts  and  dia- 
grams are  not  allowed  to  speak  for  themselves,  and  the  accompanjnng 
remarks  are  unduly  prohx  as  well  as  tardy  in  arriving  at  the  main  point. 
Such  is  the  verdict  on  what  most  of  us  have  saved  up  as  our  supreme 
effort  of  the  year!  We  may  feel  that  the  verdict  is  a  little  severe  but 
we  can  at  least  recall  other  members  of  our  section  who  have  com- 
mitted some  or  all  of  these  defects.  Our  critic  states  that  "contrili- 
utors  too  often  insisted  upon  laying  before  us  their  day-book  instead 
of  the  ledger;  indeed,  the  balance  sheet  itself  would  often  be  preferable." 
By  all  means!  Let  us  have  the  balance  sheet!  There  is  no  objection 
to  having  the  most  important  items  of  the  balance  sheet  in  red  ink. 

It  would  be  highly  undesirable  to  make  papers  too  brief  and  con- 
densed, at  least  so  long  as  our  Sections  and  Societies  refuse  to  print 
prcliminarj-  abstracts  of  the  papers.  It  is  a  bad  habit  which  causes 
many  participants  in  scientific  meetings  to  be  highly  detailed  at  the 
outset,  while  there  is  still  plenty  of  time,  and  then  to  be  so  hurried  after 
the  secretary  has  whispered  to  them,  that  they  are  unable  to  present 
adequately  the  chief  conclusions  of  their  work.  Wliether  we  are  hsten- 
ing  to  a  paper  or  reading  it  in  a  journal  the  first  thing  that  we  want 
is  a  condensed  statement  of  the  problem  attacked  and  the  main  results 
secured.  It  is  a  universal  custom  to  summarize  results  at  the  close  of 
a  contribution.  It  is  an  equally  universal  custom  to  turn  to  the  last 
pages  of  a  published  paper  and  read  the  smnmai'v  before  we  begin  to 
read  the  paper.  It  would  be  an  extremely  sensible  proceeding  to  place 
the  summary  of  conclusions  at  the  beginning  of  a  printed  paper  and 
to  present  the  main  conclusions  of  an  oral  paper  during  the  first  two 
niiiHilcs  of  its  delivery. 

Announcement  has  been  made  of  plans  for  the  celebration  of  the 
twentieth  anniversary  of  the  establishment  of  the  New  York  Botanical 
Garden.  The  exercises  will  be  held  during  the  week  of  September  (>, 
1915,  and  will  comprise  addresses,  the  reading  of  scientific  papers, 
opportunities  for  inspection  of  the  grounds  and  collections,  as  well  as  a 
visit  to  the  Brooklyn  Botanic  Garden,  and  two  field  excursions. 
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THEO.  J.  STOMPS 
AmsleTiam,  Holland 

It  was  a  great  delight  to  me  to  be  invited  by  Professor  Cowles 
to  join  the  International  Phytogeographic  Excursion  in  the 
United  States  during  the  months  of  August  and  September,  1913. 
In  fact  I  feel  inchned  to  acknowledge  that  the  months  I  have 
spent  in  America,  belong  among  the  most  happy  ones  which  I 
have  known  in  all  my  life.  Friendship  is  the  one  thing  we  all 
need,  whether  scientific  men  or  not.  Friendsliip  has  fallen  to 
our  share  from  all  sides  during  the  excursion  all  along.  A  most 
hearty  companionship  always  existed  among  the  members  of  our 
party,  leading  to  a  better  understanding  of  each  other's  work 
and  to  a  higher  appreciation  of  opinions  which  were  not  our 
own.  '  And  wherever  we  came,  we  were  received  in  a  most  cor- 
dial way  not  only  bj^  fellow  scientists  but  also  by  others  who, 
though  knowing  little  about  our  work,  still  showed  a  great  inter- 
est in  it;  a  continuous  display  of  American  hospitality.  The 
excursion  programme  was  arranged  in  a  splendid  way,  allowing 
us  to  get  an  insight  into  the  vegetation  of  a  whole  continent. 
One  must  get  a  feeling  of  perfect  happiness  by  living,  tra\(>liiig, 
working  for  several  weeks  under  such  fa\"orable  circumstances. 
I  wish  to  render  thanks  to  my  American  friends  for  this  most 
memorable  summer  and  especially  to  Professor  Cowles,  our  emi- 
nent leader.  I  can  assure  him,  that  I  learned  much  in  many 
respects,  more  than  I  ever  could  have  expected. 

T  think  we  all  got  the  impression,  that  our  excursion  was  ar- 
ranged in  a  progressive  way.  Cradually  we  passed  to  more 
interesting  plant-formations  and  to  more  beautiful  scenery.  In 
order  to  fulfil  my  promise  to  Professor  Cowles,  to  write  a  treatise 
on  some  point  that  has  struck  me  most  in  the  vegetation,  I  would 
therefore  have  to  deal  with  my  impressions  of  some  trip  or  other 
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made  towards  tho  end  of  our  excursion.  I  shall  not  do  this, 
however.  rerhai)s  I  can  give  proof  of  my  indebtedness  to  Pro- 
fessor Cowles  best  by  showing  that  the  beginning  of  his  excur- 
sion was  already  very  interesting  to  me.  Is  it  not  a  matter  of 
course  that  one  whose  native  country  covdd  not  exist  if  it  were 
not  protected  by  dunes  against  the  sea,  felt  especially  attracted 
bj'  the  study  we  made  of  the  dunes  of  Lake  Michigan?  Let  me 
therefore  say  a  few  words  about  this  region,  which  we  visited 
immediately  after  our  excursion  had  started  in  ("hicago  the  first 
of  August,  and  compare  it  with  our  Dutch  dunes.  Of  cour.se  I 
cannot  enter  into  particulars  and  must  confine  myself  to  the  de- 
scription of  some  general  inipr(>ssions. 

The  water  of  Lake  Michigan  is  fresh  and  that  of  the  North 
Sea  is  salt.  This  stands  to  reason,  but  is  important  to  him  who 
studies  the  flora  of  the  adjacent  territories,  because  it  is  con- 
nected with  differences  in  the  chemical  characters  of  the  soil. 
These  difTerences  are  of  two  kinds.  They  bear  upon  the  amount 
of  common  salt  in  the  soil  on  the  one  hand  and  on  the  amount 
of  liin(>  on  the  other. 

Of  course  the  shore  of  Lake  ^lichigan  does  not  contain  any 
salt  at  all.  On  our  Dutch  coast  on  the  contrary  salt  in  the  soil 
plays  a  considerable  role  in  the  development  of  the  flora,  not  so 
much  in  the  dunes  proper,  but  mainly  on  the  middle  and  the 
upper  beach.  Middle  beach  I  call,  in  agreement  with  Professor 
Cowles,  that  zone  of  the  beach  that  lies  between  the  high-water- 
marks of  summer-storms  and  winter-storms  and  is  colonized  only 
by  some  annual  herbs,  because  the  possibilit}'  of  survival  through 
the  winter  period  is  excluded.  The  upper  beach,  not  even 
flooded  by  the  high  storms  in  winter,  presents  the  same  species 
and  in  addition  to  these  many  others,  especially  perennial  herbs 
with  creeping  rhizomes.  As  the  middle  beach  is  sometimes 
washed  by  sea-water  and  the  saline  water  in  the  soil  lies  at  a 
slight  distance  ])elow  the  surface,  as  the  air  at  the  sea-side  is 
usually  very  rich  in  salt-particles  and  during  low-tide  often  large 
quantities  of  much  salt-containing  sand  are  blown  landward 
from  the  lower  beach,  it  is  clear  that  our  strand  at  least  must 
bear  a  halophytic  vegetation.     It  is  generally  known,  that  this 
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is  really  so.  All  the  annual  species  that  grow  on  the  middle 
beach,  as  for  instance  Cakile  maritima,  Salsola  kali,  Atriplex 
littoralis  and  Atriplex  laciniata,  are  more  or  less  succulent  and 
belong  to  the  halophytic  type  of  growth.  The  same  holds  good 
for  the  species  of  the  upper  beach:  here  we  hnd  the  same  forms 
that  occur  on  the  middle  beach  and  besides  these  many  other 
halophytes,  such  as  the  succulent  Honkenya  peploides  and  Con- 
volvulus soldanella  and  the  glaucous  wax-coated  Agropijrum  jun- 
ceum — all  three  in  possession  of  subterranean  runners — and  the 
also  succulent  Euphorbia  Paralias,  a  form  that  assimilates  even 
in  winter — as  do  many  plants  in  our  dunes — and  multiplies  by 
adventitious  shoots  from  the  roots.  In  short,  we  may  say  that 
the  vegetation  of  our  shore  is  distinctly  halophytic.  Even  in 
our  coastal  dunes  species  with  distinct  halophytic  characters 
are  found,  e.g.,  the  wax-covered  Eryngium  maritimum  and  Glau- 
cium  lulum,  forms  that  dislike  to  grow  away  from  the  sea  and 
seem  to  need,  if  not  salt  in  the  soil,  then  at  least  salt  in  the  air. 
If  we  now  compare  with  these  conditions  the  situation  on  the 
shore  of  Lake  Michigan,  it  must  strike  us  at  once,  that  there  the 
aspect  of  the  beach-flora  is  not  halophytic.  Such  characteristic 
beach-plants  as  Euphorbia  polygonifolia,  Artemisia  caudala  and 
A.  canadensis,  Cirsium  Pltcheri,  Xanthium  canadense,  which  w^e 
collected  near  Miller  and  Dune  Park,  Indiana,  or  Strophostyles 
helvola  and  Petaloslemum  purpureum,  which  we  saw  at  Lake 
Bluff,  Illinois,  can  not  be  said  to  have  a  halophytic  appearance, 
nor  can  PotentiUa  Anserina,  which  Fuller  mentions  as  eharac- 
teristic  of  the  beach  in  the  list  of  dune-plants  in  his  The  vegeta- 
tion of  the  C'hicago  Region,  but  which  I  cannot  remember,  to 
have  found.  So  we  have  learned  to  know  a  first  interesting  point 
of  differen('e  between  the  dunes  .of  Lake  Michigan  and  those  in 
Holland.  This  point  becomes  still  more  interesting,  when  we 
hear  that  after  all  some  true  halophytic  species  are  to  he  found 
on  the  shore  of  the  fresh  water  Lake  of  Michigan.  The  some- 
what fleshy  annual  Euphorbia  polygonifolia  is  properly  speaking 
an  example  of  this  kind.  I  have  found  this  .same  species  near 
Wood's  Hole,  ^Massachusetts,  on  llic  l)each  of  the  Atlantic. 
Some  other  instances  can  easily  be  given.     On  the  eastern  shore 
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of  Lake  Michigan  the  chief  character-species  of  the  middle 
beach,  but  thriving  also  on  the  upper  boach  or  on  windward 
slopes  of  active  dunes,  is  the  ainuial  succulent  Cakile  rde/ilula. 
This  species  also,  a  perfect  imitation  of  our  European  Cakile 
7unntim(i,  I  have  collected  near  Wood's  Hole,  Massachusetts, 
and  towards  the  end  of  our  journey  we  have  met  with  it  again 
on  the  Pacific  Shore  at  Carmel,  California.  Another  halophyte, 
that  we  saw  on  the  beach  and  in  the  dunes  near  Miller  and 
Dune  Park,  Indiana,  is  the  succulent  annual  Corispermum  hi/s- 
sopifolium,  in  Europe  often  locally  a  characteristic  plant  of  the 
dune-flora  of  the  coast.  In  Holland  too  it  has  been  found, 
though  in  our  country  Corispcrtnnm  Marshall  it  is  more  conunon, 
typical  of  abandoned  potato  fields  in  the  dunes  in  the  neighbor- 
hood of  the  sea.  On  the  upper  beach  at  Lake  Bluff,  Illinois,  we 
studied  among  others  a  very  interesting  association  of  Lathyrus 
mnritimus.  This  too  is  a  marine  species,  occurring  frequently  f)n 
the  Atlantic  .shore  of  America.  It  belongs  also  to  the  i'^uropean 
coast-flora,  having  been  found,  e.g.,  on  the  Dutch  beach.  Finally 
I  could  mention  the  Russian  thistle,  the  variety  lenuifolia  of 
Salsola  Kali,  which  I  remember  from  our  visit  to  Miller,  Indiana. 
This  example  however  is  less  important,  because  we  are  treating 
the  feature  of  the  beach-flora,  but  we  did  not  find  this  species 
on  the  beach,  but  only  in  the  dunes  proper.  Coming  to  a  con- 
clusion we  may  say,  that,  though  the  beach-flora  of  Lake  Michi- 
gan on  the  whole  is  not  so  halophytic  as  it  is  in  Holland,  still 
some  true  haloi)hvtic  types  are  jiresent.  It  is  not  difficult  to 
explain  this  fact,  which  at  first  sight  might  cause  surprise.  Life- 
conditions  on  the  shore  of  Lake  Michigan  are  extremely  xero- 
phytic,  the  summer  sun  being  very  hot  and  a  strong  wind  loaded 
with  sand  blowing  generally  al>,ong  the  plants.  We  know  that 
halophytes  are  merely  a  form  of  xerophytes,  as  much  salt  in  the 
soil  renders  it  physiologically  very  dry.  It  is  therefore  clear  that 
the  life-conditions  on  the  non-saline  shore  of  Lake  Michigan  are 
xerophytic  to  such  a  degree  that  they  become  almost  equivalent 
to  the  halophytic  conditions  that  exist,  e.g.,  in  the  neighborhood 
of  Wood's  Hole,  Massachusetts,  enabling  in  this  way  such  plants 
as  Euphorbia  pnh/gotu'foUn,    Cakile   edentula,  Corispernua7i  hys- 
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sopifolium  and  Lathyrus  maritimus  to  grow  on  this  shore.  So 
we  have  seen  that  the  study  of  the  beach-fiora  of  Lake  IMichigan 
is  interesting  from  a  doul)l(^  point  of  view.  It  is  especially  fit 
to  make  one  feel,  that  halophytes  and  xerophytes  are  in  reality 
similar  adaptations. 

I  cannot  close  these  notes  on  the  beach-flora  of  Lake  Michi- 
gan without  calling  attention  to  one  very  characteristic  feature 
of  the  beach  itself.  I  mean  the  line  of  driftwood,  marking  the 
upper  limit  of  the  middle  beach,  which  is  absolutely  missing  in 
my  native  country.  It  tells  us  on  the  one  hand  how  rich  the 
American  countrj^  still  is  in  prime\-al  forests.  We  saw  plenty 
of  them  ourselves.  But  on  the  other  hand  it  shows  how  very 
prodigal  Americans  have  been  of  their  woods  until  now.  So 
much  wood  has  recklessly  been  cut  in  the  forests  on  the  moraine 
near  Lake  Michigan  that  large  quantities  of  it  could  escape  from 
the  sawing-mills  along  the  rivers  and  f^oat  to  the  lake  without 
attention  being  paid  to  it.  And  one  feels  inclined  to  warn,  to 
warn  for  the  future,  when  all  those  forests  will  have  disappeared, 
climates  will  change  and  no  wood  for  human  purposes  will  be 
available.  Time  has  now  come  for  a  wise  and  economical  man- 
agement of  American  forests,  as  we  have  long  known  to  be 
true  for  our  European  ones. 

We  now  come  to  the  second  above  mentioned  point  of  differ- 
ence between  the  dunes  of  Lake  Michigan  and  those  in  Holland, 
that  is  connected  with  the  freshwater  character  of  Lake  Michi- 
gan in  contrast  with  that  of  the  salt  North  Sea.  We  ha\-e  al- 
ready said  that  it  is  concerned  with  the  quantity  of  lime  in  the 
soil. 

As  the  water  of  Lake  Michigan  is  fresh,  it  does  not  hide  the 
enormous  numbers  of  testaceans,  that  are  usually  present  in 
salt  water  and  of  which  we  find  the  shells  in  heaps  on  the  strand. 
Hence  the  diluvial  sand,  that  builds  the  dunes  of  Lake  Michigan, 
must  bo  very  poor  in  lime.  The  sand  of  our  dunes  on  the  con- 
trary is,  as  a  rule,  very  rich  in  lime  and  generally  contains  3-4% 
iif  il.  On  till'  windward  slopes  of  the  fore-dunes  the  percentage 
can  l)e  much  higher  and  rises  to  12  or  even  29%.  Only  in  very 
old  dunes,  mostly  situated  far  away  from  the  sea,  has  the  lime 
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disappeared  from  tlie  superficial  layers  of  the  soil.  It  has  been 
dissolved  by  raiinvator  containing  carbonic  acid  and  by  the  influ- 
ence of  hunuis  substances.  In  this  way  the  soil  of  these  old 
dunes  has  regained  the  properties  of  a  normal  diluvial  soil,  as 
it  is  found  in  those  parts  of  Holland  that  are  covered  by  heath. 
Only  here  such  typical  calciphobous  heath-plants  as  Pleridium 
atiilinuvi,  Juniperus  communis,  Knipetrum  nigrum,  Ilex  aquijo- 
lium,  Genista  anglica  and  G.  tinctoria,  Calluna  vulgaris  and  Erica 
tetralix  may  be  met  with  and  they  do  not  occur  on  the  lime- 
containing  sand  of  the  j-ounger  dunes.  If  we  now  revert  to  our 
discussion  of  the  dune-floras  of  Lake  Michigan,  we  can  not  ex- 
pect to  find  here  something  like  the  succession  just  described. 
In  fact  lime  is  missing  everywhere  in  the  soil  of  the  dune-region 
and  the  visiting  botanist  can  gather  this  immediately  from  the 
composition  of  the  flora.  Everj'where  his  eye  discovers  species 
that  are  known  to  lie  more  or  less  calciphobous.  An  interesting 
example  that  we  found  growing  at  ^liller,  Indiana,  quite  near  to 
the  Lake,  is  e.g.,  Pteridium  aquilinum.  This  species  is  surely 
one  of  the  most  strictly  calciphobous  known  and  is  nowhere  to 
be  found  in  our  lime-holding  dunes.  Another  example,  also  seen 
near  ^liller,  Indiana,  in  the  pine-dune-association,  is  Juniperus 
communis.  This  species  passes  for  not  so  typically  calciphobous 
as  Pteridium  nquilinum  is.  Still  in  our  dunes  it  behaves  as  such 
and  is  strictly  limited  to  the  heath-covered  parts,  not  being  able 
to  grow  elsewhere.  At  Lake  BlufT,  Illinois,  especiallj'  it  showed 
to  us  with  certaint}^  that  even  in  young  dunes  no  lime  can  be 
present  in  the  soil.  It  was  growing  there  almost  on  the  beach, 
e.g.,  near  the  entrance  of  the  ravine,  in  which  we  saw  Thuja 
occidentalis  in  abundance,  and  on  the  third  row  of  the  miniature 
dune  area,  which  somewhat  farther  to  the  north,  has  drawn  our 
attention.  So  this  second  example  turns  out  to  be  still  more 
instructive  from  our  point  of  view  than  the  preceding  one. 
More  instances  can  easily  be  cited,  but  I  believe  that  my  argu- 
ment has  been  sufficient  to  show,  that  the  freshwater  character 
of  Lake  ^Michigan  causes  indeed  a  second  fundamental  point  of 
difference  between  the  dunes  surrounding  this  Lake  and  those 
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ill  Holland,  the  absence  of  a  well  pronounced  succession,  such 
as  is  found  in  the  dunes  of  our  country. 

In  passing,  a  short  remark  may  be  made  on  some  peculiar 
representatives  of  the  flora  of  Lake  Bluff,  Illinois.  One  of  them 
I  have  named  already,  Thuja  occidentaUs.  We  were  told,  that 
this  is  a  tree  of  relatively  northern  distribution,  which  on  the 
east  side  of  Lake  Michigan  only  occurs  in  the  northernmost 
parts.  Yet  it  is  included  in  the  flora  of  Lake  Bluff,  wliich  is 
situated  near  the  southwest  corner  of  the  Lake.  This  case  be- 
comes still  more  interesting,  when  we  hear  that  it  does  not  stand 
alone  and  that  the  same  holds  true  for  several  othqr  species. 
The  second  and  third  row  of  small  dunes  on  the  beach  at  Lake 
Bluff  were  covered  by  Populus  balsamifera,  undoubtedly  repre- 
senting the  Cottonwood  and  conifer  dunes  of  other  places,  ac- 
tively moving  dunes  being  absent  here  because  of  the  feebleness 
of  the  easterly  winds,  that  determine  this  dune-area.  This  too 
is  a  tree  of  relatively  northern  distribution,  replacing  at  Lake 
Bluff  the  Cottonwood,  PopuJus  deltoidcs,  which  we-  might,  for 
instance,  have  expected  from  our  studies  of  the  dunes  at  Miller. 
Another  example  is  Jiiniperus  Sabina  procumbens,  one  of  the 
chief  character-plants  of  the  third  row  of  the  dune-ai"ea  in  ques- 
tion. Finally  we  could  mention  Belula  alba  papyrifera,  large 
(luantities  of  which  grow  on  the  forested  cliffs  near  Lake  Bluff. 
It  is  certainly  interesting  to  note  that  so  many  northern 
species  are  found  together  here  and  it  seems  difficult  to  give  an 
explanation. 

Thus  far  we  hiixe  mainly  dealt  with  the  influence  of  the  fresh 
water  character  of  Lake  Michigan  on  the  adjacent  territories. 
The  princi])al  difference  between  the  dunes  in  my  country  and 
those  of  Lake  Michigan  is  however  caused  by  another  factor.  I 
mean  the  value  of  the  soil  behind  the  dunes,  which  is  much 
higher  in  Holland  than  it  is  in  the  Chicago  region.  In  conse- 
([Uence  thereof  much  more  attention  has  been  paid  to  our  dunes 
by  man  and  great  care  has  been  taken  to  prevent  thcMu  from 
mo\-ing  farther  landward.  As  is  generall\'  known,  this  has  been 
attained  by  planting  them  with  tufts  of  AniniopJiila  arcnaria, 
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one  of  the  sand-reed-grasse.s,  wherever  it  seemed  necessary  and 
natural  vegetation  was  only  sparingly  present.  The  resultant 
impression  is  one  of  artificial  rather  than  of  natural  vegetation 
in  our  dunes.  In  the  dunes  of  Lake  Michigan,  however,  nothing 
of  the  kind  is  seen  and  nature  rules  supreme.  This  especially 
makes  the- study  of  this  dune  region  so  extremely  interesting. 
Nowhere  can  the  formation  of  new  dunes  and  the  encroachment 
of  the  dune-complex  on  pre-existing  plant-societies  be  better 
studied. 

Seen  from  the  beach  our  Dutch  dunes  ofTer  a  rather  monoto- 
nous aspect.  .V  low  row  of  sandhills,  almost  equal  in  height  and 
coveretl  on  their  slopes  and  crests  ])y  tufts  of  the  sea  marram, 
extends  all  along  the  shore.  Formation  of  embryonic  dunes  cer- 
tainly takes  place  on  the  windward  slopes  of  these  shore-dunes, 
but  in  a  very  slight  degree.  As  sand-accumulating  species  only 
some  of  the  above  named  halophytic  beach-plants  can  be  men- 
tioned, especially  Agrnpyrum  junceum  and  Honkenya  peploides 
antl  besides-  these  Cakile  marilima  and  Convolvulus  soldanella. 
The  .sand,  that  is  blown  landward  is  completely  captured  by 
the  plantation  of  Ammophila  on  the  foremost  row  of  dunes. 
In  binding  the  sand  still  other  species  are  concerned,  as  Elymus 
arenarius,  Agropyrum  pungens,  Festuca  rubra,  Sonchus  arvensis, 
Glnucium  luteum,  Eryngium  niaritimum,  Cakile  innritima,  Sal- 
sola  Kali,  Convolvulus  soldanella,  Atriplex  lilloralis  and  several 
other  inhabitants  of  the  Ammophiletum.  Thus  it  wiil  readily  be 
understood  that  it  is  altogether  out  of  the  question  that  actively 
moving  dunes  could  originate  in  my  country.  Not  even  do  the 
fore-dunes  grow  considerably  in  height,  because  exceptional  high 
storms  take  as  much  sand  back  to  the  sea  as  has  been  heaped 
up  during  a  long  period.  Consequently,  when  one  looks  towards 
the  interior  from  the  top  of  a  shore-dune,  one  sees  an  undulating 
country,  here  and  there  three  miles  broad,  covered  by  vegetation 
all  over.  Some  dunes  are  overgrown  with  thickets  of  Hippophae 
rhamnoides,  others  with  Salix  repcns,  others  again  with  a  dense 
carpet  of  mosses  and  lichens,  the  most  important  of  which  is 
Barbula  ruraliformis,  Near  the  horizon  the  eye  may  discover  a 
line  of  wood,  the  border  of  human  plantations  on  the  oldest 
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(luues.  Somewhat  dreamy  is  the  aspect  of  the  whole  region. 
It  is  hardly  necessary  to  say  that  nowhere  wandering  dunes  are 
seen  to  encroach  upon  hunum  possessions  on  the  inside. 

How  different  from  this  is  the  situation  on  the  shore  of  Lake 
Michigan.  Here  very  many  species  help  in  building  embry- 
onic beach-dunes.  In  the  first  place  the  above  named  herba- 
ceous plants  of  the  beach,  and  besides  these  many  others  such 
as  Salix  syrticola  and  glaucophylla,  Prunus  pumila,  Calamorilfa 
longifolia,  Ammophila  arenaria,  Elynms  canadensis  and  usually 
growing  farther  inland  than  the  other  types,  Populus  deltoides 
(cottonwoodj  or,  northward,  also  at  Lake  Bluff,  Populus  bal- 
samifera.  It  is  clear  that  the  difference  in  halophytic  appear- 
ance between  our  coastal  flora  and  that  of  Lake  Michigan  be- 
comes still  more  striking,  if  we  take  the  dune  forming  plants  into 
the  sphere  of  our  considerations.  Still  it  is  worthy  of  notice, 
that  here  again  there  is  a  resemblance,  in  so  far  as  many  of  the 
just-named  species  or  at  least  narrowly  allied  forms  also  occur 
in  our  shore-dunes.  This  holds  true  especially  for  the  sand- 
reed-grasses. 

Equally  richh-  varied  as  the  formation  of  new  embryonic 
dunes  on  the  beach  of  Lake  Michigan,  is  also  the  aspect  of  the 
dunes  as  seen  from  the  Lake.  Here  high  cottonwood-dunes  arise 
immediateh'  behind  the  beach  and  its  embryonic  dunes,  and  a 
complete  study  can  be  made  of  the  dunes  in  the  order  of  their 
development.  There  an  extensive  tract  of  bulky  moving  dunes, 
almost  without  any  vegetation,  presents"  itself  to  the  eye.  Yon- 
der the  shore  has  been  largely  eroded  by  lake-action,  the  cotton- 
wood  and  pine-dunes  have  been  swept  away  and  oak-dunes  bor- 
der the  beach.  In  short,  the  appearance  of  the  slu)r(>-dunes  as 
seen  from  the  beach  of  Lake  Michigan  is  far  from  monotonous. 

In  the  same  way  the  bird's  eye  view  of  the  duiH^-rcgion  is 
much  more  interesting  than  it  is  in  my  country,  esi)ecially  where 
there  are  large  areas  of  moving  dunes  with  sparse  vegetation,  as 
is  the  case  at  Dune  Park,  Indiana,  Michigan  City  and  Sawyer, 
Michigan.  I  shall  never  forget  the  splendid  view  we  had  from 
the  top  of  the  "Crater,''  the  well  known  L'OO-foot-high  dune  at 
Dune  Park,  lying  in  the  midst  of  an  extensive  tract  of  wandering 
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<lunps.     A  iiiifrhty  imiM-cssion  they  make,  those  enormous  vol- 
unu's  of  rolling  sand. 

And  that  they  are  mighty  can  be  seen,  when  they  encroach 
upon  swamps  and  forests,  which  thoy  meet  on  their  way,  cover- 
ing them  up  as  they  go.  Notliing  is  then  able  to  resist  their 
power.  We  were  lucky  enough  to  see  something  of  this  encroach- 
ment on  preexisting  plant  societies  near  Dune  Park  and  Sawyer. 
About  these  observations,  however,  I  will  not  enter  into  a  lengthy 
discussion.  Dr.  Cowles  has  done  this  in  an  excellent  way  in  his 
The  Oecological  Relations  of  the  Vegetation  on  the  Sand  Dunes 
of  Lake  ^Michigan.'  There  is  one  point,  however,  which  I  should 
like  to  mention  here.  It  is  the  behavior  of  certain  swamp-plants, 
such  as  the  willows  and  the  red  osier  dog^vood,  Cornus  stolonifera, 
when  a  moving  dune  is  encroaching  upon  them.  This  behavior 
can  very  easily  be  understood  by  one  who  is  acquainted  with  the 
habits  of  Salix  repens,  which  is  quite  common  in  the  dunes  and 
swamps  of  Holland.  He  knows  that  Salix  repens  occurs  in  two 
types,  the  one  on  moist  soil,  standing  erect,  the  other  on  slopes 
of  dunes,  crawling  along  the  ground.  So  different  are  these  two 
forms,  that  one  might  feel  inclined  to  consider  them  as  distinct 
elementary  "species.  Still,  that  this  assumption  is  unfounded  is 
shown  by  the  following  observation.  In  order  to  prove  this  let 
us  see  what  happens,  when  a  moving  dune  has  approached  to 
the  above  named  swamp-plants  and  begins  to  cover  them.  The 
erect  habitus  is  lost  and  they  begin  to  creep  along  the  slope  of 
the  advancing  dune,  in  'the  meantine  shooting  roots  from  their 
branches.  This  holds  good  of  the  willows  as  well  as  of  Cornus 
stolonifera.  Thus  we  see  that  these  plants  are  able  to  leave  their 
swampy  localities  and  to  adjust  themselves  to  the  dry  conditions 
of  the  sandy  slopes  and  tliis  behavior  is  exceptionally  important, 
because  it  enables  the  plants  in  question  to  partake  in  a  powerful 
manner  in  the  capture  of  an  actively  moving  dune-complex  by 
vegetation,  in  other  words  in  preparing  the  dune-soil  for  the 
development  of  the  jnne-dune-association.  But  to  the  botanist 
this  behavior  is  still  more  interesting  from  another  point  of 

'  Bot.  Gaz.  27,  1899. 
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view  and  I  wish  to  conclude  my  paper  with  this  remark.  We 
have  already  treated  of  the  similarity  between  xerophytic  and 
halophytic  adaptations.  Now  we  have  seen,  that  certain  swamp- 
plants  are  able  to  thrive  on  a  dune-soil,  which  is  drj-  to  such  an 
extent,  that  even  most  of  the  xerophytic  dune-species  are  not 
able  to  stand  these  conditions.  No  wonder  then,  that  in  many 
books  on  oecology  the  supposition  is  admitted  that  swamp-plants 
and  xerophytic  species  also  belong  to  the  same  class  of  adapta- 
tions.- A  priori  it  does  not  seem  difficult  at  all  to  argue  this 
assumption.  Swamp-soil,  we  read,  is  physically  wet,  of  course, 
but  phj'siologically  speaking  it  is  said  to  be  very  dry,  mainly  be- 
cause of  the  large  amount  of  humous  acids  present  in  it.  On 
swampy  soil  the  plants  would  therefore  behave  as  if  they  were 
living  in  xerophytic  life-conditions.  In  other  words,  it  is  ex- 
pected a  priori,  that  swamp-plants  and  xerophytes  are  similar 
adaptations  and  will  be  able  to  grow  in  each  other's  places.  In 
Holland  there  are  certainly  plenty  of  species,  that  seem  to  prove 
the  truth  of  this  conclusion.  Salix  repens  has  already  been 
named  and  other  examples  can  easily  be  cited.  There  is  e.g., 
Polygonum  amphibium,  which  usually  grows  in  ditches  and 
swamps,  but  often  also  on  the  driest  places  in  the  dunes.  In- 
versely several  of  our  heath-plants,  e.g.,  Calluna  vulgaris  and  Em- 
petrum  nigrum,  are  to  be  met  with  in  our  peat-bogs,  ^'ery  in- 
structive in  this  regard  are  likewise  the  so  calletl  pine-bottoms, 
which  we  studied  at  Dune  Park,  Indiana.  \\'hen  a  coniferous 
forest  develops  on  established  dunes,  it  usually  happens  on 
windward  slopes  and  smiimits.  But  in  certain  low  swampj'  de- 
pressions the  pines  may  also  appear  and  produce  the  pine-bot- 
toms in  question.  Here  the  life-conditions  are  "oxylophytic," 
there  they  are  certainly  xerophytic  and  again  we  could  get  the 
conviction,  that  the  two  sorts  of  conditions  are  in  reality  iden- 
tical. Still  I  am  of  the  opinion,  that  we  must  be  very  careful  in 
assuming  the  correctness  of  this  hypothesis.  Indeed  I  do  not 
believe  that  swamp-soil  may  be  called  physiologically  drj-  and  I 
should  say,  that  the  explanation  of  the  remarkable  fact,  that  so 

'See  e.g.  E.  Warming,  Oecology  of  Plants,  Oxford,  lfl09,  p.  193  a.  f. 
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many  species  arc  common  to  both  xerophytic  and  swampy  lo- 
calities, must  be  looked  for  in  quite  ancrthcr  direction.  Inthe 
first  place  I  rather  believe,  that  true  swamp-plants,  such  as 
P()h/(lonum  Amphibiuiri.  that  are  able  to  thrive  under  xerophytic 
conditions,  are  extremely  rare  and  only  can  do  so  by  means  of  a 
douljlc  adaptation.  Most  of  the  plants  in  question — Salix  re- 
pens  also  for  instance — probably  are  typical  of  xerophytic  life- 
conditions.  These  species  are  able  to  thrive  on  a  swampy  soil 
as  well  as  in  a  botanical  garden,  if  the  struggle  for  existence  with 
other  swamp-plants  be  not  too  intensive.  This  is  rarely  the 
case,  as  a  swampy  soil  is  generally  very  poor  in  nutriment,  which 
must  exclude,  of  course,  many  species.  If  we  fiu-ther  take  into 
consideration  that  the  xerophytic  types  in  question  are  accus- 
tomed to  bad  life-conditions  themselves,  it  can  really  not  cause 
surprise  that  we  meet  them  now  and  then  in  swampy  places. 
In  this  way  I  believe  that  we  must  understand  the  ])lienomena 
just  described,  though  I  will  not  decide,  of  course,  whether  the 
swamp-plants  growing  on  the  dunes  of  Lake  Michigan,  are  origi- 
nally oxylophytic  or  xerophytic  types.  Coming  to  a  conclusion 
I  may  perhaps  say,  that  the  main  result  of  our  visit  to  the  dunes 
of  Lake  Michigan  has  been,  that  we  got  a  better  understanding 
of  the  value  of  the  adaptations  of  halophytes,  xerophytes  and 
swamp  plants. 


NOTES   ON   THE   DISSEMINATION   OF   VIRGINIA 
CREEPER  SEEDS  BY  ENGLISH  SPARROWS 

BARTLE  T.   HARVEY 
Bureau  of  Entomology,  Colorado  Springs,  Col. 

On  February  19,  1914,  while  on  a  collecting  trip  in  the  out- 
skirts of  Colorado  Springs,  Colorado,  my  attention  was  at- 
tracted to  a  large  number  of  bird  excrements  adhering  to  the 
rough  bark  of  the  trunk  and  limbs  of  a  Cottonwood  tree  {Populus 
deltoides),  which  was  growing  in  a  sandy  flood  plain  some  fifty 
feet  from  a  small  stream.  Closer  examination  of  this  tree 
revealed  the  fact  that  it  had  evidently  been  used,  for  some  time, 
as  a  roosting  place  by  the  English  sparrow  {Passer  domesticus) . 

Each  excrement,  then  hard  and  dry,  contained  many  seeds 
of  the  Virginia  creeper  (Pcirthenocissus  quinquefoUa) .  The 
excrements  were  plentiful  and  occurred  from  10-25  feet  above 
the  ground.  The  Virginia  creeper  seeds  in  nature  are  covered 
with  a  berry-like  pulp,  which  fact  may  explain  why  the  seeds 
were  eaten  by  birds.  Moreover,  for  many  weeks  after  the  big 
storm  of  December,  2-5,  1913,  in  Colorado  Springs,  deep  snow 
covered  the  ground,  which  fact  may  have  compelled  the  sparrows 
to  feed  upon  the  berries  in  order  to  escape  starvation. 

At  once  the  idea  suggested  itself  to  test  the  fertility  of  these 
seeds,  and  many  were  gathered.  Also  l)erries  were  collected 
from  a  living  Virginia  creeper  vine  some  two  hundred  yards 
distant.  The  seeds  of  these  berries  were  used  as  a  check  in  the 
experiment. 

A.  SEED  FROM  BIRD  EXCREMENT 

The  twenty  largest  seeds  were  selected  from  ten  excrements 
and  planted  one-cjuarter  inch  deep  in  a  mixture  of  sandy  quartz 
and  loam  soil.  From  four  to  eight  seeds  were  found  in  each 
excrement.  And,  frequently  the  bird  excrement  completely 
envelo])e(l  the  seed  foniiiiig  a  liard  (•(iNcriiig  onht  it. 
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H.   SEED   FROM   VllUilNIA  CHEEPER 

The  twenty  largest  seeds  were  ehosen  from  the  ten  largest 
berries  and  planted  one-fourth  inch  deep  in  a  mixture  of  sandy 
quartz  and  loam  soil.  From  three  to  six  seeds  occurred  in  each 
berr>-.  It  was  a  noticeable  fact  that  the  seeds  from  the  bird 
excrements  were  larger  on  the  average  than  those  taken  from 
the  Mrginia  creeper  berries.  Of  course,  it  is  quite  possible  that 
(he  two  classes  of  seeds  did  not  come  from  the  same  vine. 
Again,  it  might  have  been  due  to  the  birds  naturally  choosing 
the  largest  berries  for  food. 

The  seeds  from  both  \  in(»  and  excrement  were  planted  on 
February  20,  1914,  and  examined  on  March  24,  1914,  thirty- 
three  days  later.  The  following  table  indicates  the  results  ob- 
tained, being  based  on  a  planting  of  twenty  seeds  from  each 
of  tlH>  aliove  mentioned  sources. 


Table  shotcing  the  percentage  of  germination 


SOURCE  OF  bbKU                               ^ 

■  ONDITION 

HEIGHT  IN  INCHES 

HUMBER 

OF  PLANTS 

PER  CENT 

From  the  Virginia  creeper. . .  A 
From  the  Virginia  creeper. . .   B 
From  the  Virginia  creeper...  C 

Good 

Fair 

Poor 

IJ  and  over 

1-lJ 

1  and  under 

7 

5 
5 

35 

25 
25 

Total  germination  percent 

85 

From  bird  excrement i  A 

From  bird  excrement B 

From  bird  excrement C 

Good 

Fair 

Poor 

1 
IJ  and  over                   10 
1-1 »                                  6 
1  and  under                    3 

50 
30 
15 

Total  germination  percent 

95 

Referring  to  the  foregoing  table,  it  can  be  seen  at  a  glance 
that  the  seeds  taken  from  the  bird  excrement  gave  a  higher 
percentage  of  good  plants,  a  lower  percentage  of  poor  plants, 
and  a  higher  total  percentage  of  germination  than  did  those 
seeds  which  came  from  a  living  plant.  Again,  the  best  developed 
plant  from  bird  excrement  seed  measured  2|  inches  in  height, 
while  the 'best  developed  plant  from  the  Mrginia  Creeper  berry 
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seed  attained  a  height  uf  l)ut  two  inches.  However,  the  seeds 
from  the  Virginia  Creeper  berries  appeared  to  germinate,  on  the 
average,  a  few  days  sooner  than  did  those  seeds  taken  from  the 
bird  excrement. 

The  seeds,  in  germinating,  first  sent  down  a  tap  root,  and  then 
raised  their  two  seed  leaves  sidewise  above  the  ground,  while 
the  stem  formed  an  arch.  Gradually  this  arch  straightened 
until  the  seed  leaves  were  borne  erect,  yet  still  enclosed  within 
the  seed  coat,  which  finally  split  open  and  gradually  wasted 
away  until  it  dropped  to  the  groi^nd.  Growth  by  the  stem 
after  that  was  more  rapid.  The  seed  leaves  appeared  to  absorb 
the  nutriment  contained  within  the  seed  coat,  for  they  were 
rather  thick  at  first  but  soon  became  thinner  and  I'apidly  as- 
sumed a  deeper  shade  of  green. 

On  July  23,  1914,  fifty  square  feet  of  space  was  marked  off  on 
the  ground  surface  beneath  the  tree  from  which  the  bird  excre- 
ments containing  seeds  were  gathered  on  February  19,  1914. 
This  space  was  clear,  shaded,  and  of  southeast  exposure,  sur- 
rounded by  a  heavy  growth  of  grass.  The  soil  was  alhuial 
sand.  On  fifty  square  feet,  seventy  healthy  Virginia  Creeper 
seedlings  were  counted  that  had  germinated  under  natural 
conditions.  It  seems  reasonable  to  suppose  that  the  most  of 
these  plants  must  have  sprung  from  seeds  that  had  passed 
through  the  digestive  tract  of  English  sparrows,  as  few  excreta 
were  found  adhering  to  the  trunk  and  limbs  of  the  tree  at  this 
tim(\ 

From  the  foregoing  observation,  it  would  appear  that  seeds 
of  the  Virginia  Creeper  can  pass  through  the  digestive  tract  of 
the  English  sparrow  and  still  retain  their  germinating  power  to 
a  marked  degree.  This  being  true,  it  follows  obviously  thai  the 
English  sparrow  may,  und(>r  certain  circumstances,  be  an  im- 
portant agent  in  the  dissemination  of  \"irginia  Creeper  seeds  in 
central  Colorado. 
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V?:f!KTATioN  OF  Flohida. — Two  iccpiit  paiK'is  hiivo  treated  the 
vegetation  of  portions  of  Florida  with  a  greater  degree  of  detail  than  any 
of  the  previous  publications  on  this  extremely  interesting  state.  Harsh- 
hergcr'  has  dcscril)ed  the  region  south  of  Indian  River  Inlet  and  Tanijja, 
including  the  keys  and  the  everglades,  and  Harper-  has  described  the 
portion  of  the  state  north  and  west  of  Cedar  Keys  and  St.  Augustine, 
which  is  the  least  known  portion.of  Florida  from  a  botanical  standpoint. 

Harshbcrger  treats  tiic  coastal  vegetation  and  the  less  known  plant 
life  of  the  everglades  and  the  interior  swamp,  marsh,  and  forest  regions 
with  equal  detail.  A  large-scale  map  shows  the  precise  distribution  of 
the  types  of  vegetation  and  a  large  number  of  uncommoidy  fine  illus- 
trations give  proof  tif  the  distinctness  of  these  types.  The  leading  up- 
land vegetations  arc  the  forests  of  Piims  clausa  covering  the  sandy  ele- 
vations along  the  coast  aTul  in  the  northeastern  portion  of  the  area;  the 
forests  of  Pinus  caribaea  on  oolitic  limestone  throughout  the  region; 
and  the  flat  woods  of  Pinus  pnluftfn'x.  The  region  is  depicted  as  one  of 
climatic  uniformity  in  which  differences  of  soil  and  very  slight  differ- 
ences of  elevation  are  responsible  for  the  dissimilarities  of  the  vegeta- 
tion. The  jiorous  soil  and  the  rapid  evaporation  subject  plants  of  the 
u])land  to  extremely  dry  conditions,  Imt  the  author  has  observed  periods 
of  heavy  rainfall  in  wiiirh  a  saturated  soil  and  a  saturated  atmosphere 
placed  plants  under  conditions  so  unlike  the  customary  ones  as  to  lead 
him  to  suspect  that  the  xerophily  of  the  plants  is  due  as  nmch  to  the 
amplitude  of  the  extremes  of  moisture  as  to  the  commoner  conditions  of 
low  water  supply.  Topographic  conditions  are  also  responsible  for  the 
distribution  of  vegetation  in  the  evei'glades,  with  their  1000  square  miles 
of  marshland  dominated  by  Cladium  effusum,  their  ponds,  streams,  and 
minor  lakes,  with  a  wealth  of  emersed  and  aquatic  plants,  their  marginal 
prairies  and  pine  forests,  and  the  unique  belt  of  A)wna  glabra  which 
fringes  the  southern  shore  of  Lake  Okeechobee. 

Harper's  treatment  of  northern  Florida  is  based  on  some  twenty 

1  Harshbcrger,  .John  W  ,  The  Vegetation  of  South  Florida.  Trans.  Wagner 
Free  Inst.  Sci.  7:49-190.     I'ls.  1(1,  witli  map.     1914. 

=  Harper,  Roland  M.,  Geography  and  Vegetation  of  Northern  Florida.  .\nn. 
Rep.  Fla.  Geol.  Surv.  6:103-152.     Figs.  41-90.     1914. 
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geographical  subdivisions,  coiresponding  closely  to  those  used  in  his 
report  on  the  peat  deposits  of  the  state.  The  topography,  soils,  lead- 
ing economic  features,  and  vegetation  arc  separately  described  for  each 
of  these  areas.  A  "quantitative"  method  devised  by  the  author  has 
been  applied  to  the  vegetation  in  such  a  manner  as  to  give  a  rough 
approximation  of  the  relative  abundance  of  the  leading  species.  Little 
attention  has  been  given  to  habital  differences  in  vegetation,  but  the 
contrasting  features  of  the  twenty  areas  with  respect  to  the  vegetation 
as  a  whole  are  very  distinctly  brought  forth.  Although  the  method  of 
securing  vegetational  statistics  is  an  indirect  and  somewhat  arbitrary 
one  the  author  confesses  that  he  h&s  sometimes  adjusted  them  a  little 
"if  the  results  are  obviously'  inconsistent  with  known  facts."  If  there 
are  some  "knowii  facts"  in  reserve  why  can't  we  have  them?  The  au- 
thor has,  nevertheless,  covered  a  very  large  extent  of  country  with  his 
rapid  field  method  and  has  brought  out  some  interesting  results  in  cor- 
relating the  vegetation  with  the  geographical  and  agricultural  features 
of  this  regions.  Only  six  of  the  areas  have  less  than  60  %  of  their  vege- 
tation composed  of  pines  and  other  evergreens,  and  the  general  obser- 
vation is  made  that  the  richest  soils  produce  the  smallest  percentages 
of  evergreens.  A  list  of  the  12G  species  of  trees  hi  northern  Florida  is 
appended,  with  a  brief  statement  of  the  habitat  of  each.  A  large  num- 
ber of  illustrations  are  collected  at  the  close  of  the  paper  and  a  care- 
fully elaborated  index  is  given,  designed  to  further  the  use  of  the  bulle- 
tin by  the  non-technical  reader. 

Both  of  the  papers  under  notice  give  internal  evidence  of  the  zealous 
emphasis  which  their  authors  place  upon  the  investigation  of  vegeta- 
tion as  contrasted  with  the  study  of  the  flora.  In  alluding  to  the  fact 
that  he  made  no  collections  in  his  field  work  Harper  states  that  "those 
parts  of  the  country  where  botanists  are  most  particular  about  the  cor- 
rect identification  of  plants  are  generally  those  where  the  least  progress 
has  been  made  along  phyto-geographical  lines."  If  this  geographical 
observation  is  indeed  true  foi-  the  United  States  it  is  because  our  oldest 
botauical  institutions  and  our  best  stands  of  highly  diversified  or  nearly 
virgin  vegetation  are  separated  by  great  distances.  We  must  not  for- 
get, too,  that  most  of  our  knowledge  of  the  flora  of  the  remoter  portions 
of  the  country  is  due  to  the  work  of  men  located  in  the  taxonomic 
centers.  An  impatience  with  regard  to  nomenclatorial  exactness  can 
be  willingly  brooked  in  a  man  who  knows  the  flora  of  a  region  as  well  as 
our  author  knows  that  of  the  southeastern  states,  but  it  would  seriously 
discount  the  phytogeographical  work  of  a  less  experienced  man. 

TIIK  PI.A.\T  WOKLD,  VOL.   18.   NO.  8,    1015 
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Ifaislihcrfjor,  in  rliscussiiip;  the  same  matter,  states  tliat  aeciiraey  in 
specific  detenuiiiatioiis  is  iiiglUy  to  be  desired,  but  continues  "vegeta- 
tion can  be  described  witiiout  mentioning  specifically  a  single  plant." 
No  one  has  yet  done  this  but  it  is  highly  desirable  to  keep  in  mind  the 
fact  that  in  such  work  as  Harshberger  has  done  in  Florida  the  names  of 
the  plants  arc  a  mere  convenience,  like  the  numbering  of  the  buoys 
which  mark  a  channel.  It  would  be  a  notable  event  for  some  one  to 
describe  the  vegetation  of  an  extended  region  without  using  the  names  of 
any  of  the  plants,  for  he  would  then  be  compelled  to  tell  us  a  great  deal 
more  about  the  [)lan1s,  and  in  fact  would  have  to  work  much  lonj^er  be- 
fore being  ready  to  publish.  To  the  navigator  who  depends  ujjon  tiie 
numbering  of  the  buoys  the  numbers  are  verj'  important ;  to  the  naviga- 
tor who  takes  his  own  soundings  the  numbers  liecome  superfluous. — 
Forrest  .Shkkve. 

The  Transpiking  Power  of  Leaves. — Physiologists  and  eeolo^ists 
will  be  particularly  interested  in  Bakke's'  recent  article  on  foliar  trans- 
piring power  as  indicated  by  tests  with  cobalt  chloride  paper.  The 
method  used  was  essentially  Livingston's  modification  of  Stahl's  well- 
known  cobalt  chloride  method  of  studying  plant  surfaces  as  to  their 
ability  to  give  off  water.  A  determination  is  made  of  the  time  required 
for  the  change  in  color  (from  lilue  to  pink)  of  slips  of  filter  paper  im- 
pregnated with  cobalt  chloride,  when  they  are  placed  over  a  standard 
water-supplying  surface  of  saturated  blotting  paper  blanketed  by  a 
millimeter  of  air.  The  time  required  for  the  same  change  of  the  same 
slips  is  then  determined  when  these  are  applied  directly  to  the  transjjir- 
ing  plant  surface,  by  means  of  small  glass  clips.  The  ratio  of  the 
leligth  of  the  first  time  to  that  of  the  second  is  the  index  of  transpiring 
power  of  the  plant  surface  in  question;  it  is  a  number  which  expresses 
the  relative  abihty  of  the  plant  surface  to  supply  water  to  the  atmos- 
phere, and  is  directly  comparable  with  other  indices  similarly  obtained 
for  different  plants,  or  for  the  .same  i)lant  at  different  times.  It  was  the 
object  of  the  investigation  here  reviewed  to  test  the  method  upon  a 
large  number  of  plant  species  and  upon  different  individuals  of  the  same 
species.  The  work  was  done  at  Tucson,  Arizona,  upon  plants  growing 
mostly  under  irrigation. 

A  detailed  study  of  the  daily  march  of  the  foliar  {ransjiirmg  power  of 

1  Bakke,  A.  L.,  Studies  on  the  transpiring  power  of  plants  as  indicated  by  the 
method  of  standardized  hygrometic  paper.  The  Journal  of  Ecology,  2:14S-173. 
1914. 
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Quamoclidiou  midtiflorum  gave  results  similar  to  those  previously  ob- 
tained by  this  method^  and  by  the  method  of  "relative  transpiration."* 
The  latter  method,  as  will  be  remembered,  consists  essentially  in  deter- 
mining the  ratio  of  the  rate  at  which  a  plant  gives  off  water  to  the  rate 
at  which  a  standardized  atomometer  loses  water  by  evaporation.  To 
obtain  a  preliminary  idea  of  the  relative  magnitudes  of  the  diurnal  and 
nocturnal  indices  of  transpiring  power,  daj'  and  night  observations  were 
made  upon  a  number  of  plant  forms.  There  was  found  to  be  a  broad 
range  in  the  day-night  ratio.  The  direction  of  the  variation  was  found 
to  be  especially  interestmg:  in  the  case  of  the  more  xerophyllous  forms 
the  ratio  was  generally  less  than  unity;  while  it  was  usually  greater  than 
unity  for  the  more  mesophyllous  forms. 

Plants  of  Verbascum  thapsus  furnished  opportunity  for  compai'ison 
of  the  relative  transpiring  powers  of  leaves  upon  the  same  stem  but  at 
different  heights  above  the  ground.  The  indices  obtained  for  upper 
and  lower  surfaces,  and  the  averages  of  these  indices  (representing  the 
whole  leaf  surface)  showed  that  the  lower,  older  leaves  exhibited  lower 
transpiring  j^owers  than  did  the  higher,  j'ounger  ones.  A  necessary 
conclusion  was  that  position  upon  the  stem  and  age  of  leaves  may  be 
important  in  determining  transpiring  power,  and  also  that  an  adequate 
idea  of  the  foliar  transpiring  power  of  the  plant  as  a  whole  can  only  be 
obtained  by  tests  of  a  fairly  large  number  of  leaves.  Tests  upon  trans- 
piring power  of  floral  parts  showed  that  there  was  variation  in  this 
characteristic  between  different  species,  but  that  floral  and  foliar  trans- 
piring power  were  of  about  the  same  order  of  magnitude  in  plants  of 
the  same  species. 

Wilting  has  deservedly  received  much  attention  at  the  hands  of  in- 
vestigators of  the  water-relations  of  plaiits,  and  studies  here  reported 
by  Bakke  upon  wilting  plants  indicate  that  the  method  of  standardized 
cobah  chloride  paper  should  prove  of  great  value  in  the  study  of  this 
phenomenon.  The.se  studies  showed  that  there  is  a  marked  fall  in 
transpiring  power  as  th(!  plant  wilts.  Furthermore,  they  indicate  that 
the  time  required  for  wilting  in  the  ca.se  of  plants  surrounded  by  air 
having  a  high  evaporating  power  is  longer  than  that  requinni  with  low 
evaporation  rates,  but  that  the  amount  of  decrease  in  transpiring  power 
is  greater  in  the  latter  case.     The  author  suggests  that  the  need  of 

^  Livingston,  B.  E.,  The  re.sistance  ofTercd  by  leaves  to  transpirational  water 
loss.    Plant  World  16:1-35.     1913. 

'  Idem,  The  relation  of  desert  plants  to  soil  moisture  and  to  evaporation.  Pub- 
lication .50  of  the  Carnegie  Institution,     1906. 
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irrifsation  might  l)c  predicted  by  this  method  of  testing  leaves,  long 
before  wilting  is  evident. 

Probably  the  most  valuable  point  brought  out  in  this  article,  and 
certainly  the  most  interesting  one  to  ecologists,  relates  to  an  ecological 
classification  of  plants  based  upon  foliar  transpiring  power  as  shown  by 
this  method.  The  diurnal  transpiring  powers  were  determined  for  a 
large  number  of  plants  growing  under  irrigation.  Plants  which  are  un- 
questionable mesophytes  exliibitcd  indices  of  diurnal  foliar  transpiring 
power  of  0.70  or  higher,  while  all  plants  exhibiting  similar  indices  of 
0.30  or  less  would  be  pronounced  xcrophylic  without  hesitation,  on  the 
basis  of  simple  observation.  Altliough  much  more  work  must  be  done 
before  a  relative  scale  of  xerophytism  or  of  mesophytism  can  be  erected, 
this  preliminary  study  makes  it  certain  that  the  method  here  employed 
offers  a  simply  applied  means  for  an  ecological  classification  based  upon 
quantitative  measurements.  Drought  resistance  in  cultivated  crops, 
in  S3  far  as  water  withholding  capacity  is  concerned,  can  also  be  meas- 
ured by  this  method,  as  Bakke  shows  by  experiments  upon  two  very 
different  varieties  of  alfalfa  and  upon  two  forms  of  Sorghum  halepense, 
Johnson  grass,  and  Sudan  grass.  Further  work  in  this  direction  should 
prove  very  interesting  and  valuable  for  economic  purposes. 

The  paper  here  reviewed  merits  the  attention  of  those  engaged  in 
studies  in  i)urc  physiology,  as  well  as  of  those  investigating  plants  in 
the  field,  from  either  the  agricultural  or  ecological  point  of  view;  the 
method  seems  to  be  very  promising.— Samuel  F.  Tkelease. 


NOTES  AND  COMMENT 

A  committee  of  representative  investigators  in  heredity  and  varia- 
tion have  announced  their  intention  to  inaugurate  a  new  journal  en- 
titled Genetics,  provided  a  substantial  body  of  support  can  be  secured 
for  it.  The  new  periodical  will  be  published  bi-monthly,  will  contain 
about  600  pages  per  annum,  and  the  subscription  price  will  be  $6  per 
volume.  Dr.  George  H.  Shull,  of  Princeton  University,  is  the  Manag- 
ing Editor,  and  he  has  secured  from  the  Princeton  Press  a  promise  of 
their  willingness  to  manufacture  the  journal  pro\ided  they  can  do  so 
without  too  great  an  annual  deficit.  About  sevent3'-five  of  the  neces- 
sary two  hundred  and  fifty  subscriptions  have  ab-eady  been  pledged. 
The  proposed  size  of  the  journal  is  exactly  equal  to  the  number  of  pages 
of  American  genetical  work  which  Dr.  Shull  states  were  published  last 
year  in  foreign  journals. 

At  the  San  Francisco  Meeting  of  the  American  Association  there  will 
be  three  sjaiiposiums  on  botanical  subjects:  on  the  Gjminosperms,  on 
the  influences  of  light  upon  plants,  and  on  the  geographic  distribution 
of  plants.  The  titles  to  be  read  in  the  last  of  these  are  as  follows:  Dr. 
John  W.  Harshberger,  The  Diversity  of  Ecologic  Conditions  and  its 
Influence  on  the  Richness  of  Floras;  Prof.  D.  H.  Campbell,  Factors 
Affecting  the  Distribution  of  the  Components  of  the  Flora  of  Califor- 
nia; Dr.  Forrest  Shrcvc,  The  Role  of  Physical  Factors  inDetermining 
the  Distribution  of  Plants;  Prof.  F.  E.  Clements,  Plant  Evidences  of 
Climatic  Cycles;  Succession  in  the  Bad  Lands;  Dr.  W.  A.  Cannon,  Dis- 
tribution of  Cacti  with  Reference  to  the  Role  played  by  Root-Response; 
Dr.  W.  S.  Cooper,  The  Chaparral  and  its  Habitat,  and  Plant  Succession 
in  the  Palo  Alto  Region. 

A  third  edition  of  Chamberlain's  ^Methods  in  Plant  Histology  has 
been  issued  by  the  University  of  Chicago  Press.  The  book  presents  all 
of  the  valuable  features  of  the  second  edition,  at  the  same  time  that  it 
embodies  the  improvements  in  microtechnique  made  in  the  ten  years 
that  separate  the  two  editions.  A  chapter  on  photomicrographs  and 
lantern  slides  has  been  added.     The  detailed  and  trustworthy  descrip- 
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tions  of  the  use  of  various  reagents  and  imbedding  and  staining  methods, 
as  well  as  ttie  speeifie  descriptions  of  the  best  methods  for  use  in  the 
several  plant  groups,  and  the  directions  for  the  lahoratoiy  management 
of  living  material,  make  this  an  invaluable  book  for  students  and 
teachers  of  the  morphology  of  plants. 

Among  the  papers  which  will  appear  in  early  forthcoming  issues  of 
The  Plant  World  are  the  following:  A  Study  of  the  Root  Systems  of 
Prairie  Plants  of  Southeastern  Washington,  by  J.  E.  Weaver;  Acid 
Accumulation  and  Destruction  in  Large  Succulents,  by  E.  R.  Long; 
The  Effect  of  ^'anillin  as  a  Soil  Constituent,  by  J.  J.  Skinner;  A  Rela- 
tive Score  Method  of  Recording  Comparisons  of  Plant  Conditions 'and 
other  Umneasured  Characters,  by  E.  E.  Free;  and  Notes  on  the  Ances- 
try of  the  Beech,  by  Edward  W.  Berry. 

The  Rural  Science  Series,  published  by  the  Macmillan  Company, 
now  com]jrises  some  thirty-four  hand-books  and  text-books,  the  most 
recent  of  them  being  the  thoroughly  revised  twentieth  edition  of  Pro- 
fessor Bailey's  Principles  of  Fruit-Growing.  The  volume  is  not  only 
concerned  with  the  principles  of  the  subject,  but  is  even  to  a  greater 
extent  devoted  to  a  complete  exposition  of  the  practices  of  fruit  growing, 
from  the  selection  of  an  orchard  site  to  the  packing  of  the  ripened  crop. 
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A   STUDY   OF  THE   ROOT-SYSTEMS   OF   PRAIRIE 
PLANTS  OF  SOUTHEASTERN  WASHINGTON 

JOHN  ERNST   WEAVER 
Universily  of  Minnesota,  Minneapolis,  Minn. 

I. 

^^'hile  carrying  on  a  study  of  the  plant  formations  and  assopi- 
ations  of  semi-arid  southeastern  Washington  in  1912-1914,  it 
soon  became  apparent  that  for  a  proper  understanding  of  the 
development  and  structure  of  these  associations  a  knowledge 
of  the  root-systems  of  the  more  important  prairie  species  was 
imperative.  Consequently,  during  the  fall,  whiter,  and  spring 
of  1913-1914,  more  than  350  root-systems  of  25  of  the  most 
important  ecological  species  were  examined.  This  paper  con- 
tains descriptions  of  these,  together  with  a  discussion  of  the  con- 
ditions under  which  the  plants  grow. 

.The  prairies  of  southeastern  Washington,  and  their  eastward 
extension  into  adjacent  Idaho,  occupy  a  position  between  the 
foothills  of  the  Bitterroot  Mountains  on  the  east,  and  the  sage- 
brush region  of  western  Adams,  eastern  Franklin,  and  western 
WaUa  Walla  counties,  Washington,  on  the  west.  On  the  south 
they  are  bounded  by  that  higli  upfold  of  the  lava-rock  known 
as  the  Blue  Mountains.  Northward  the  Spokane  gravels,  ex- 
tending somewhat  southward  of  Spokane,  with  their  open 
growth  of  yellow  puie,  mark  at  once  the  general  northern  bound- 
ary of  the  expo.sed  part  of  the  great  lava  sheet  and  its  accompany- 
ing prairie  formation.  As  the  great  Columbian  Plateau  with  its 
wind-moulded  hills  ascends  to  an  altitude  of  2700  feet  near  its 
eastern  border,  the  precipitation  correspondingly  increases,  and 
this  reflects  itself  in  a  more  highly  developed  type  of  prairie 
vegetation.  In  fact,  the  well-developed  high  prairies  occupy 
a  relatively  narrow  belt  of  30-50  miles  in  diameter  along  the 
eastern  edge  of  the  plateau,  while  the  area  westward  is  char- 
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acterized  by  a  very  open  type  of  BuncliKiass  vegetation.'  Pull- 
man, Washington,  the  base  station,  where  those  studios  were 
carried  on,  lies  S5  miles  south  of  Spokane  and  in  the  midst  of 
the  best  developed  type  of  prairie. 

THE   FACTORS   OF  THK   HAHlTAr 

Since  the  supply  of  water  in  this  region  is  the  chief  limiting 
factor  to  plant  growth,  we  shall  first  consider  the  total  amount 
of  precipitation,  with  its  seasonal  distribution  fwhich  is  of  greater 
importance  than  the  total),  after  which  the  water  content  of  the 
s6il  will  be  considered. 

Hemmed  in  on  all  sides  by  mountains,  and  especially  cut  off 
from  the  moist  winds  of  the  Pacific  by  the  Cascades,  the  Colum- 
bian Plateau  has  a  very  low  annual  precipitation.  In  much  of  the 
area  it  is  less  than  10  inches,  and  oven  where  the  prevailing 
southwest  wind,  cutting  through  the  mountain  gap  of  the  Colum- 
bia River  and  rising  over  the  great  High  Plains,  loses  much  of 
its  moisture  near  the  high  eastern  border,  the  annual  precipita- 
tion is  l)ut  21  inches.  In  this  semi-arid  region  where  evaporation 
rates  are  very  high,  a  knowledge  of  the  distribution  of  rainfall 
and  humidity  is  very  important,  for  it  is  well  known  that  scanty 
rainfall  throughout  the  year,  or  relative  dryness  of  the  air  and 
soil  during  the  growing  season,  favors  a  sparse  \egetation  and 
the  development  of  xerophytic  forms.  Since  vegetation  is  not 
only  an  expression  of  present  conditions,  but  to  a  greater  extent 
a  record  of  conditions  that  have  obtained  during  a  period  of 
years;  and  since  this  record  is  not  likely  to  be  altered  greatly 
by  a  year  or  two  in  which  conditions  may  depart  from  the  normal, 
a  study  of  the  precipitation  in  table  1  is  instructive. 

This  table  gives  the  mean  monthly  precipitation  at  Pullman 
covering  a  period  of  22  years,  and  is  very  representative  of 
conditions  in  the  High  Prairies. 

It  may  be  seen  at  a  glance  that  over  two-thirds  of  the  pre- 
cipitation occurs  during  the  non-growing  season,  and  that  the 

'  Tho  writor  has  uiulor  preparation  a  paper  ilealiiig  in  detail  with  tlio  vegeta- 
tion of  the  prairies  of  southeastern  Wa.shington  together  with  the  phint  associ- 
ations of  the  a<ljoining  mountain-woodlanil  formation. 
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light  showers  of  July  and  August  seldom  have  much  mflnence  on 
the  water  content  of  the  soil.  We  may  compare  the  soils  of  this 
region  to  a  gigantic  reservoir  replenished  mostly  during  the  non- 
growing  season,  and  (as  will  be  shown)  rather  thoroughly  emptied 
of  its  water  during  the  summer.  It  is  not  the  absolute  rain- 
fall figures  alone  which  furnish  a  criterion  of  climate,  for  the 
maximum  duration  of  the  drought  period  constitutes  a  hmiting 
factor  of  the  greatest  importance.  The  great  problem  is  the 
extent  to  which  soil  water  derived  from  the  winter  precipitation 
is  conserved  through  the  weeks  of  drought.  The  rains  in  south- 
eastern Washington  are  so  gentle  that  there  is  practically  no 
run-off;  and   the  silt-loam   soils  have  a  wonderfully  retentive 

TABLE  1 

Predpitiitioii    <il   Pullman    (in    inches) 

October 1 .70  April 1 .50 

November 3.41  May 1 .84 

December 2.66  June 1 .20 

January 2 .55  July 0 .57 

J'ebruary 2.18  August 0.68 

March 2 .02  September 1 .29 

Total 14,52  Total 7.08 

power  of  holding  the  moisture.  As  poiiifod  out  by  Shreve" 
the  influence  of  rainfall  upon  the  distributional  and  seasonal 
activities  of  plants  is  obviously  exerted  chiefly  through  its  power 
to  replenish  soil  moisture,  and  while  rainfall  is  only  mediate  in 
its  relations  to  plants,  soil  moisture  is  inmiediate. 

SOILS  AND   SOIL  MOISTUHK 

The  prairie  soils  of  the  region  have  originated  from  the  de- 
composed underlying  basalt,  liy  the  action  of  water,  and 
especially  by  the  prevailing  southwest  wind,  the  jirairie  tojjography 
has  been  moulded  into  rounded  hills  which  reach  a  height  of  100 
to  360  feet,  and  resemble  sand  dunes.  The  .soil  is  usually  many 
feet  deep,  and  only  along  the  canyons  of  streams  is  the  lava-rock 
exposed.     The  wind  has  drifted  much  surface  soil  and  humus 

-  Shreve,  Forre.st,  Rainfall  as  a  Determinant  of  Soil  Moisture.  Plant  World, 
17:0-26,  1914. 


230 


JOHN    ERNST   WEAVP:R 


material  from  the  exposed  south  and  southwest  slopes  and  de- 
posited it  npon  the  steeper  north  and  northeast  leeward  slopes. 
Table  2  gives  the  mechanical  composition  of  the  first  foot  of 
soil  on  a  northeast  and  southwest  slope  respective!}'. 

As  is  characteristic  of  dry  regions,  the  transition  from  soil  to 
subsoil  is  not  well  marked,  although  the  lighter  colored  subsoil 
appears  much  nearer  the  surface  on  exj^osed  than  on  sheltered 
slopes.  The  Inimus  content  of  the  soils  of  north  hillsides  is 
greater  at  all  depths  to  5  feet,  in  some  cases^  more  than  12% 
greater,  than  on  the  exposed  slopes,  as  was  shown  by  six  sets 
of  humus  determinations  made  for  each  foot  of  soil  on  the  two 
slopes,  respectively.  This  combination  of  more  clay  and  more 
hunuis  on  the  north  and  northeast  slopes  reflects  itself  especially 

T.VBLE  2 

Mechanical  composition  of  the  first  foot  of  prairie  soils  on  a  southwest  and  a  north- 
east slope  respectively 


Southwest  slope. . 
Northeast  slope... 


FIXE 
ORAVKI, 

2.00  TO 
1.00  mm. 


0.00 
0.40 


COARSE 

SAND 

1.00  TO 

0.50  MM. 


0.60 
0.40 


MEDIU.M 

SAND 
0.50  TO 
0.25  MM. 


O.CO 
0.90 


PI.VE 

SAND 

0.25  TO 

0.10  MM. 


0.40 
1.50 


VERY  FINE 

SAND 

0.10  TO 

0.05  MM. 


23.58 
33.16 


SILT 

0.05  TO 

0.005  nai. 


73.30 
53.50 


CLAT 

0.005  TO 

0.000  MM. 


1.49 
10.03 


in  the  increased  water-holding  capacity  of  the  soil..  An  average 
of  six  determinations  gave  a  mean  water-holding  capacity  of 
56%  (based  on  dry  weight  at  104°C.)  for  the  first  foot  of 
soil  on  nortli  slopes,  as  compared  with  48%  on  south 
slopes.  This  marghi  of  8%  is  rather  an  important  difference 
in  favor  of  the  soils  on  the  protected  slopes,  since  the  wilt- 
ing coefficients  of  the  two  soils  differ  but  little.  These  sub- 
stratum diiTerences  are  pointed  out  here  since  it  will  be  shown 
later  that  certain  plants  are  quite  confined  to  moist  north  and 
northeast  hillsides. 

Studies  of  the  water  content  of  these  soils  have  been  carried 
on  since  the  spring  of  1912.  It  will  be  unnecessary  to  burden 
the  reader  with  all  of  the  data  and  graphs  obtained,  and  only 
enough  will  be  given  to  make  plain  the  seasonal  march  of  soil 
water.  In  figure  1  are  graphs  givmg  the  march  of  soil  water 
from  April  25  to  September  25,  1913,  on  a  typical  northeast  and 
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southwest  prairie  slope,  respective!}'.  The  ordiuates  represent 
percentages  of  soil  moisture  in  the  first  10  inches  of  soil,  on  the 
dates  indicated  bj-  the  abscissae.  The  rainfall  between  the 
intervals  of  readings  is  also  shown  in  inches,  each  ordinate  rep- 
resenting 0.1  inch.  The  horizontal  solid  and  broken  lines  show 
the  wilting  coefficients  of  the  soOs  on  the  northeast  and  south- 
west slopes  respectively.'  The  greater  amount  of  moisture  on 
the  northeast  slope  (in  some  cases  bemg  twice  that  of  the  south- 
west slope)  may  be  noted  at  a  glance ;  while  the  fact  that  the  soil 
on  the  exposed  slope  reached  its  wilting  coefficient  about  Julj^ 
15,  and  more  than  five  weeks  before  similar  conditions  obtained 
on  the  sheltered  slope,  is  significant.  Records  for  the  fall  of 
1913  were  discontinued  when  the  rains  of  late  September  re- 
plenished the  moisture  of  the  parched  soil.  In  1914  these  10- 
inch  soil  moisture  determinations  were  made  only  at  longer 
intervals  and  with  the  object  of  determining  the  time  at  which 
the  wilting  coefficient  was  reached.  The  water  contents  on  the 
dates  of  these  determinations  are  indicated  by  the  light  lines 
(fig.  1),  the  solid  line  representing  soil  moisture  on  the  northeast 
slope.  The  rainfall  for  June,  1914,  being  approximately  normal 
(and  not  1.6  inches  in  excess  of  the  mean,  as  in  1913)  the  wilting 
coefficient  of  these  soils  was  reached  much  earlier  than  in  the 
preceding  year.  An  examination  of  these  determinations  to- 
gether wdth  the  rainfall  records  at  Pullman,  shows  that  at  no 
time  after  June  28  and  until  September  14  was  there  water  avail- 
able for  plant  growth  in  the  first  10  inches  of  soil  on  the  south- 
west slope.  Only  0.13  inch  of  rain  fell  in  July,  none  in  August, 
and  the  light  showers  of  the  first  13  days  of  September  gave  a 
total  precipitation  of  only  0.33  inch. 

The  autunm  and  whiter  rains  repleni.sli  the  water  lost  during 
the  long  period  of  drought  and  in  the  following  spring  the  soils 
again  show  a  maximum  water  content.  Soil  moisture  records 
obtained  at  6  inches  and  12  inches  respectively,  at  the  i)rairie 
stations  on  the  two  slopes  from  October  15,  1912,  to  January  1, 

'  Samples  of  100  150  grams  of  soil  were  invariably  takon  in  duplicate,  dried  in 
an  oven  at  100-104°C".,  and  the  water  content  calculated  in  percentages  on  the 
ba.si.s  of  the  dry  weight. 
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1913,  well  illustrate  this  process.  On  October  15  the  north-side 
soil  had  a  water  coutoiit  of  17.49^  and  23f'o  at  (i  inches  and  12 
inches  respectivclj-,  while  that  on  the  south  slope  had  only  11% 
and  12%  at  the  two  depths.  The  graphs  show  a  general  in- 
crease of  water  content  (except  for  a  trough  in  late  November) 
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Fig.  1.  Graphs  showing  the  march  of  soil  water  to  a  dejith  of  10  inches  from 
April  25  to  September  25,  1913,  (heavy  lines),  and  from  May  22  to  August  10,  1914, 
on  a  northeast  slope  (solid  lines),  and  a  southwest  slope,  respectively. 

and  on  January  1  the  water  content  had  increased  to  31%  and 
41%  respectively,  on  the  north  slope,  and  28%  and  28%  on  the 
south  slope. 

It  is  apparent  from  these  data  that  prairie  iilauts  must  obtain 
their  water  from  greater  depths  than  10  inches,  at  least  during 
the  dry  summers.     In  faet,  some  of  these  plants  jienetrate  to  a 
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depth  of  12  or  13  feet,  while  most  of  tliem  get  the  bulk  of  their 
water  from  the  second  to  the  sixth  foot  of  soil.  Consequently  a 
consideration  of  soil  moisture  at  these  depths  is  imperative  for  a 
proper  understanding  of  root  environment.  These  deeper  soil 
water  determinations  (many  to  a  depth  of  8  feet)  were  taken  at 
intervals  from  December,  1912,  to  August,  1914.  Samples  were 
taken  in  duplicate  from  separate  holes.     Figure  2  (solid  lines) 
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Fig.  2.  Graphs  showing  the  march  of  soil  wafer  to  a  ilopth  of  5  foot  on  a 
.southwest  slope  from  .Vpril  18  to  August  l.i,  1914;  and  the  water  eonlont  of  the 
soil  on  December  13,  1913.  The  dotted  lines  indicate  water  contents  on  a  north- 
east slope. 

shows  the  inuicli  of  soil  water  from  early  spritig  until  kite  siimmor 
of  1914,  on  a  southwest  slope.  It  is  apparent  that  tlicre  was 
still  a  downward  movement  of  water  at  depths  of  4  and  5  feet 
after  April  IS;  but  from  June  3  to  August  15  the  soil  moisture 
was  gradually  depleted  at  all  depths  to  5  feet.  The  heavy 
horizontal  bars  give  the  willing;  coefficients  at  the  depths  indi- 
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cated.  On  July  0  no  water  was  available  in  the  second  foot  of 
soil  and  only  a  small  margin  over  the  wilting  coefficient  was 
present  at  3  feet.  The  broken  Une  indicates  that  on  December 
13  of  the  preceding  winter  the  soil  was  drier  at  3,  4  and  5  feet 
respectively,  than  at  any  other  time  indicated.  The  fall  rains 
had  not  then  penetrated  beyond  2  feet.  While  excavating 
root-systems  during  the  fall,  winter,   and  spring,   an  excellent 
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Fig  3.  Graphs  showing  the  march  of  soil  water  to  a  depth  of  5  feet  on  a 
northeast  slope  from  April  IS  to  August  15,  1914,  and  the  water  content  of  the  soil 
on  December  6,  1913. 

opportunity  was  offered  to  study  the  rates  of  penetration.  The 
water  penetrated  very  slowly  and  at  about  equal  rates  on  all 
slopes.  By  October  18  only  the  surface  layer  of  S  inches  was 
wetted,  and  in  late  March  the  wet  soil  reached  a  depth  of  not 
more  than  4  feet.  The  dotted  graphs  in  the  figure  indicate  the 
soil  moisture  on  the  northeast    slope,     .\side   from    the   lower 
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temperatures  and  greater  humidity  of  the  north  slopes,  the  actual 
amount  of  moisture  available  to  these  soils  is  important  in  ex- 
plaining the  observed  differences  in  moisture  content.  The  same 
agency  that  has  so  profoundly  affected  the  topography,  namely 
the  wind,  also  drifts  o\-er  to  the  sheltered  slopes  much  snow, 
which  upon  melting  adds  to  the  soil  water.  Two  examples  will 
suffice.  In  Februaiy  1914,  exposed  prairie  slopes  had  a  blanket 
of  snow  from  5-8  inches  deep,  while  on  the  sheltered  slopes  at  the 
same  time  drifts  48-52  inches  in  depth  were  measured.  The 
second,  while  an  extreme  case,  is  illustrative.     During  February 

TABLE  3 
The  march  of  soil  water  on  a  northwest  and  south  slope  respectively.     1914 


MAY   22 

JULY   6 

AUGV8T    15 

0"-6" 

N.W 

23.4 
'     12.5 

25.7 
17.9 
27.0 
19.9 
.30.2 
20.2 
27.2 
22.0 
24.3 
22.4 

15.2 
11.1 
13.7 
11.4 
18.9 
12.6 
23  7 
13.2 
24.9 
17.3 
21.3 
19. f) 

11     6 

6"-12' 

S 

'  N.W 

0.7 
12.1 

8      

10  2 

At  2' 

x.w 

11.8 

s 

10.2 

At  3' 

x.w 

14.4 

s 

10.6 

At  4' 

N.W. 

18  0 

At  5' 

s 

N.W 

10.5 
19  5 

S 

12.3 

and  March,  1913,  while  onlj^  1  foot  of  snow  la.y  on  the  south 
and  southwest  slopes,  the  protected  northeast  slopes  were  covered 
with  drifts  of  well  packed  snow  from  10-13  feet  deep. 

In  figure  3  is  shown  the  march  of  soil  water  similar  to  that  in 
the  preceding  figure,  but  for  soils  of  a  northeast  slope.  Here 
again,  the  downward  movement  of  water  at  3  to  5  -feet  after 
April  IS  is  apparent,  as  is  also  the  gradual  depletion  of  soil  water 
at  all  depths  to  5  feet.  Likewise,  the  broken  graph  indicates 
conditions  similar  to  those  cxi)lained  for  the  corrcsi^onding  graph 
in  figure  2.  On  August  15,  no  soil  water  was  available  above 
the  2-fo()t  level.  If  the  graphs  in  this  figure  arc  compared  with 
the  corresponding  graphs  in  the  i)receding,  it  may  be  readily 
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seen  tlmt  in  ,ill  cases,  excej)!  on  July  (>  jind  at  a  depth  of  5  feet, 
a  higher  water  content  was  maintained  in  the  soils  on  tlic  north- 
east slope. 

In  order  to  furtlier  check  these  dee])  soil  water  condilinns 
samples  were  again  taken  in  duplicate  on  the  northwest  and 
south  slopes  of  another  prairie-covered  hill.  These  findings, 
indicated  in  table  3,  check  very  closely  with  the  preceding,  and 
the  striking  difference  between  soil  water  content  on  the  two 
hillsides  at  all  depths  is  well  shown. 

It  may  also  be  noted  that  at  each  dctenninatiou  the  soil  at 
any  depth  was  much  drier  than  at  the  same  depth  at  the  pre- 
ceding determination.  On  the  south  slope,  it  is  interesting  to 
note  that  without  exception  the  soil  moisture  increased  with 
depth,  and  that  the  same  condition  maintains  in  most  cases  for 
north-side  soils.  Thus,  it  may  lie  seen  that  topograpliy  with 
soil  texture  is  the  great  middleman  that  distributes  the  soil 
moisture  to  fill  the  gigantic  earthen  reservoir,  which  again  is 
largely  emptied  during  the  following  growing  season.  The 
common  farm  practice  in  the  Palouse  region  of  alternating  season 
after  season  the  growing  of  wheat  with  summer  fallow,  is  a  method 
of  storing  the  moisture  fi'om  one  year  for  use  in  the  growth  of  the 
next  year's  crop. 

TEMPERATURE 

The  observations  on  the  temperature  of  the  soil  consist  of 
two  series  of  readings,  namely,  of  a  continuous  one  by  means  of 
a  thermograph  and  of  a  very  large  number  of  readings  of  ther- 
mometers. The  thermograph  records  are  at  a  depth  of  4  inches 
(April  22  to  June  9,  1913)  and  3  inches  (June  5  to  August  15, 
1914)  respectively,  on  a  southwest  slope.  ( "omparative  tempera- 
tures on  the  northeast  slope  were  taken  at  frequent  intervals. 
The  other  thermometer  readings  are  mostly  for  depths  of  1  foot, 
and  a  number  of  readings  were  made  at  each  foot  to  depths  of  8 
feet. 

The  thermograph  records  show  an  undulating  line  of  which 
the  curve  crests  correspond  to  thewarmest  period  of  each  day,  and 
the   depressions  to   the   coldest.     The   crests   for  any    \~   day) 
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record  are  remarkably  uniform  in  height,  as  are  also  the  depres- 
sions uniform  in  depth.  The  difU'erencc  between  the  crests  and 
the  depressions  is  shown  in  figure  4  where  the  average  weekly 
minimum  and  maximum  soil  temperature  (solid  lines)  are 
recorded,  since  these  are  more  important  to  plant  growth  than 
the  mean.  The  differences  between  these  averages  increase 
from  about  10°F.  (at  4  inches  depth)  April  to  June,  to  about  24°F. 
(at  3  inches  depth)  in  July  and  August.  For  purposes  of  com- 
parison graphs  representing  the  average  weekly  maximum  and 
minimum  air  temperatures  (at  3  inches  above  the  soil  surface 
and  in  the  shade)  recorded  at  the  same  station  are  also  given  in 
figure  4. 


TABLE  4 
Soil  temperatures  at  a  depth 

of  3  inches 

STATION' 

MINIMCM 

TIME 

MAXIMUM 

TIME 

RANGE 

DAT 

N.K.  slope 

63.5 

67 
59 
68 
61 
67 

a.m. 
5 

7 
5 
7 
5 

7 

75 

93 

71.5 

94 

73.5 

95 

p.m. 

3 

4 
3 
4 
3 
4 

11.5 
26.0 
11.5 
26.0 
12.5 
26.0 

July  27 
July  27 
July  28 
July  28 
July  29 
July  29 

N.E.  slope 

S.W.  slope  . 

N.E.  slope 

S.W.  slope 

It  is  interesting  to  note  that,  while  the  soil  temperatures  at 
night  were  always  warmer  than  those  of  the  air,  on  many  days 
during  June,  July,  and  August  the  air  temperatures  were  lower 
than  tho.se  of  the  .soil. 

Owing  to  the  lagging  of  the  soil  temperature  the  maximum 
was  not  attained  until  about  4  p.m.  and  the  minimum  at  7  a.m. 
as  compared  with  3  p.m.  and  5  a.m.  respectively,  for  maximum 
and  minimum  air  temperatures. 

The  seasonal  march  of  .soil  and  air  temperatures  varies  inversely 
with  the  .soil  water.  That  is,  the  temperatures  steadily  become 
higher  in  i)roportion  as  the  soils  become  drier.  This  condition 
occurred  on  both  slopes,  but  the  temperatures  were  lower  and 
the  extremes  of  variation  less  on  the  sheltered  side.  A  single 
example  of  maximum  and  minimum  soil  temperatures  on  the 
two  slopes  and  at  3  inches  depth  must  suffice  here. 
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The  three  daj^s  from  July  27  to  29  were  clear,  and,  judging 
from  records  of  preceding  and  following  days,  quite  typical. 
The  daily  maximiun  air  temperature  was  reached  somewhat 
earlier  on  the  north  than  on  the  south  slope,  and  was  from 
2°F.  to  3°F.  lower. 

A  comparison  of  a  large  number  of  temjjerature  readings  at 
1  foot  on  the  two  slopes  brings  out  the  facts  that  at  this  depth  the 
daily  range  of  temperature  is  seldom  over  1°F.;  that  the  south- 
west-side soils  are  from  3°F.  to  5°F.  warmer  in  early  spring  than 
those  of  the  north  slopes,  and  that  these  differences  may  increase 
by  late  summer  to  7°-10°F.  Table  5  indicates  these  temperature 
differences  of  the  soils  of  the  two  slopes  to  a  depth  of  5  feet,  in 

T.\BLE  5 

Soil  temperatures  at  1-5  feel  on  April  18  and  August  15,  1914,  on  a  northeast  and 
southwest  slope,  respectively 


AlMill.   18 

.IfGUST    15 

Dcplk 
V 

.  .V.  E. 
45.7 
45.1 
45.0 
45.0 
45.0 

s.  w. 
50.3 
50.0 
48.2 
47.0 
46.4 

.V.  E. 
65.0 
61.7 
58.0 
57.2 
54.5 

s.  w. 
73  0 

2' 

70  0 

.3' 

66.2 
04  4 

4' 

5' 

6''  6 

earl}'  spring  and  in  late  summer.  Undoubtedh'  the  higher  soil 
temperatures  pre\-ailing  on  the  south  side  have  much  to  do  with 
the  earlier  seasonal  activities  of  many  plants.'' 


othkr  factors 

Just  as  the  po.ssible  growth  of  the  aerial  parts  of  plants  is 
affected  by  the  extent  of  the  development  of  the  root  system, 
conversely  the  environmental  conditions  to  which  the  aerial 
parts  are  subject,  especially  as  concerns  their  water  relations, 
must  reflect  themselves  in  the  root  development.  Therefore, 
it  will  be  instructive  before  passing  on  to  a  consideration  of  the 

*  Several  species  of  plants  were  observed  to  blossom  from  10  to  17  d.ivs  I.-iti-r 
on  north  than  on  south  slopes. 
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root-systoins  tliemselves  to  consider  briefly  the  above-grouml 
environment. 

Enoufiih  will  h;i\'e  been  said  about  sununer  temperatures,  if 
we  add  that  the  long  days,  mostly  cloudless,  are  followed  by 
cool  nights,  during  which  the  temperature  usually  reaches  45°- 
oST.  During  the  winter  the  ground  seldom  freezes  below 
4  inches  in  depth,  and,  of  course,  on  the  exposed  slopes  the  proc- 
ess of  alternate  freezing  and  thawing  is  most  pronounced. 

A  continuous  record  of  humidity  has  been  kept  for  more  than 
two  complete  growing  seasons  and  it  has  been  found  that  the 
air  is  often  5.  jier  cent  to  10  per  cent  drier  on  the  exposed  than  on 
the  sheltered  slopes.  It  is  not  uncommon  on  the  dry  slopes  and 
during  late  afternoons  for  the  humidity  to  fall  to  1,5-30  per  cent, 
while  during  the  night  it  maj'  rise  again  to  about  75  per  cent  or 
even  95  per  cent. 

The  wind,  prevailingly  from  the  southwest,  is  of  great  impor- 
tance to  vegetation,  because  it  increases  the  evaporating  power 
of  the  air,  and  the  greater  saturation  deficit  increases  transpi- 
ration. During  the  season  of  1913  (April  16  to  September  3) 
a  total  of  13,()05  miles  of  wind  passed  over  the  southwest  slope 
at  a  height  of  0.5  meter,  while  only  50  per  cent  as  many  miles 
were  recorded  by  the  anemometer  similarly  placed  on  a  northeast 
slope.  In  general,  these  conditions  were  duplicated  in  the  season 
of  1914  with  the  ratio  of  100  :  49  (April  18  to  August  15). 

However,  these  factors  of  temperature,  humidity,  and  wiutl 
movement,  as  Livingston  has  shown,*  may  be  quite  satisfactorily 
summed  up  by  measvu-ing  the  evaporating  power  of  the  air.  A 
rather  detailed  report  of  evaporation  rates  as  deteruTined  b}- 
Livingston's  standardized  porous  cup  atmometers  in  prairie 
and  other  stations  has  already  been  made,'^  in  which  it  was  shown 
that  from  ]\Iay  5  to  September  23,  1913,  the  average  daily 
evaporation  on  the  northeast  prairie  slopes  was  only  ()4  per  cMit 
of  that  on  southwest  exposures.     Similar  records  for  1914  bear 

'  Livingston,  B.  E.,  Evapoialion  :ind  Phmt  Habitats.  Plant  World  11 :  1  10, 
1908. 

*  Weaver,  John  Krnst,  Evaporation  and  Plant  .Succession  in  Southeastern 
Wiishington  and  Adjacent  Idaho.     Plant  Worl<l  17:  L'7.3  2!).').  UH-i. 
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out  this  condition  in  general,  with  higher  average  daily  e\-apo- 
ration  on  both  slopes  (23.9  cc.  on  northeast  and  33.0  cc.  on  south- 
west) and  a  ratio  on  the  two  slopes  of  72  :  100. 


'  S-v-   ^ 


Fig.  .5.  Ono  ond  of  a  Ireiu'h  u.scd  in  excavating  root  .systems.  Many  roots 
of  i)rairi('  plants  reach  depths  of  over  10  feet. 

When  we  consider  tiiat  the  daily  evaporation  in  July  and 
August  often  reaches  a  maxiniuni  of  40  55  cc,  and  at  a  time  when 
the  available  soil  water  may  be  depleted  to  a  depth  of  two  feet, 
we  can  sec  the  ii('c(>ssit\'  for  cxtciisiN-c  root-systems  in  the  sul)- 
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stratum,  as  well  as  aerial  structures  for  enduring  drought. 
Another  fact  of  importance  must  not  be  overlooked.  Owing  to 
the  cool  nights  the  greater  bulk  of  these  high  water  losses  (82. 5 
per  cent  as  determined  for  thred  days  in  Julyj  occurs  during  the 
day,  and  thus  very  xerophytic  atmospheric  conditions  are  brought 
to  bear  upon  the  plant. 

Sunnnarizing  briefly  the  factors  of  tiie  habitat  in  which  the.se 
studies  were  carried  on,  we  find  a  region  of  moderate  winter  and 
low  summer  precipitation.  The  soils  are  composed  of  a  fine 
silt-loom  of  high  water-holding  capacity,  they  are  usually  very 
deep,  and  the  soil  water  extends  down  man}'  feet  beyond  the 
greatest  root  depth."  In  early  summer  the  superficial  layers 
of  soil  soon  lose  all  of  their  water  available  for  plant  growth,  and 
as  the  season  advances  this  condition  occurs  in  the  deeper  soils, 
while  the  entire  soil  mass  to  a  depth  of  5  feet  and  beyond,  gradu- 
ally yields  up'  most  of  its  available  water.  Soil  temperatures 
at  3  inches  show  a  daily  range  of  from  3°F.  to  24°F.,  while  at  1 
foot  the  daily  range  is  seldom  over  IT.  The  seasonal  range 
(.\liril— August)  of  the  soil  temperatures  varies  from  22°F.  at  1 
foot  to  10°F.  at  5  feet.  .\ir  temperatures  show  a  mean  daily 
range  varying  from  about  25°P\  in  April  and  ^lay,  to  38°F.  in 
July  and  August.  The  cool  nights  on  the  high  plateau  tend  to 
counteract  the  low  humidity  of  the  day  and  to  reduce  the  high 
daily  rates  of  evaporation. 

North  and  northeast  slopes  are  less  xerophytic  than  the  south 
and  southwest  slopes.  This  is  tlue  in  part  to  actually  greater 
precipitation  caused  by  blowing  snow  and  in  part  "to  soil  texture 
which  is  more  open,  has  more  humus,  and  a  greater  water- 
holding  capacity.  These  factors  are  reflected  in  the  greater 
amount  of  soil  water  and  in  lower  soil  temperatures.  Likewise, 
these  slopes  are  sheltered  from  the  drying  sovithwest  winds,  and 
from  the  perpendicular  rays  of  the  sun.  This  is  reflected  in 
slightly  lower  air  temperatures  and  greater  humiditj',  and 
especially  in  the  lower  evaporating  power  of  the  air. 

'  Wolls  dun  only  into  tlu-  soil  often  .ifTord  a  good  supply  of  water,  although 
usually  they  are  drilled  into  the  porous  layers  of  basalt.  8ec  also  Landcs,  Henry, 
Underground  Waters  of  Washington.  Water  Supply  and  Irrigation  Paper,  Xo. 
Ill,  1905. 
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SCOPE  AXD  -METHODS  OF  THE  STUDY  OF  ROOT-SYSTEMS 

The  object  of  this  study  was  to  determine  the  depth  at  which 
the  most  important  prairie  plants  obtain  their  water  supply; 
to  get  accurate  data  on  the  distribution  and  extent  of  the  root- 
systems  in  the  soil;  and  to  examine  enough  plants  of  each  species 
so  that  the  conclusions  might  be  thoroughly  reliable.  Finally, 
it  was  hoped  to  use  these  data  in  helping  to  solve  the  problems 
of  succession  and  structure  of  prairie  vegetation. 

Owing  to  the  tenacious  structure  of  the  soil  and  the  great 
depth  of  most  roots,  it  was  found  impracticable  to  wash  out  the 


Fig.  6.  Lumps  of  soil  taken  at  a  depth  of  5  feet  on  a  noit Invest  slope,  showing 
the  numerous  large  earth  worm  burrows.  Tliey  are  from  7  to  8  mm.  in  diameter 
and  reach  depths  of  more  than  13  feet. 

root-.systems.  The  method  finally  employed  was  to  dig  a  trench 
2  feet  wide  and  8  to  16  feet  long  to  a  depth  of  about  6  feet  on  the 
hillside  where  roots  were  to  be  examined.  This  offered  an  open 
face  into  which  one  might  dig  with  a  hantl  j)ick,  and,  after  suffi- 
cient practice,  and  acquaintance  with  the  soil  texture,  success- 
fully excavate  a  root-system  almost  in  its  entirety.  Of  course 
the  trenches  were  deepened  as  woi-k  pi-ogressed  and  the  working 
level  somethnes  reached  to  a  depth  of  10  or  12  feet.  (See  fig.  5.) 
Five  of  these  larger  pits  were  used  and  several  smaller  ones. 
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The  soils  on  the  sheltered  slopes  were  much  more  open  in 
texture  at  all  depths,  and  roots  were  removed  with  much  greater 
facility  than  on  south  slopes  where  it  was  often  necessary  to  use 
a  pickaxe  to  open  the  trench. 

Root-systems  were  examined  on  the  southwest  slope,  and  on 
a  northeast  slope,  both,  respectively,  near  the  stations  where 
factor  determinations  were  made;  and  also  on  a  northwest  slope 
near  the  station  where  deep  soil  moisture  samples  were  taken  as 
a  check  (see  table  3).  It  should  be  made  plain  here  that  this 
last  station  was  on  a  slope  only  slightly  north  of  west  but  sheltered 
by  a  low  westward  extension  of  a  ridge  in  such  a  manner  as  to 
combine  more  nearly  northside  substratum  conditions  with  the 
aerial  conditions,  as  regards  exposure  to  wind  and  sun,  approach- 
ing those  of  a  south  slope. 

A  biotic  factor  affecting  soil  texture  and  one  which  shows  a 
marked  effect  upon  root-systems  is  the  earthworm,  a  species  of 
Luvihricu.s.  The  soils  of  north  and  northeast  slopes  especially, 
were  literally  honeycombed  with  holes  ranging  from  7  to  8  mm. 
in  diameter  and  reaching  depths  of  over  13  feet.  (See  fig.  6.) 
In  the  soil  of  south  slopes  the  work  of  earthworms  is  much  less 
in  evidence, — perhaps  less  than  half  as  many  holes  occur  here. 
Black  soil  was  noted  in  these  burrows  at  depths  of  9-13  feet, 
perhaps  in  part  worm-casts  and  in  part  surface  soil  washed 
down  from  above.  Certainly  these  holes  ])lay  a  large  part  in 
the  penetration  of  soil  water,  and  it  seems  that  the  additional 
aeration  they  afford  in  these  fine-textured  soils  might  be  of  great 
importance. 

All  the  roots  examined  were  of  mature  perennial  plants.  The 
practice  followed  was  to  examine  six  or  more  roots  of  a  given 
species  and  then  to  write  a  working  description  of  the  roots. 
These  descriptions  were  kept  at  hand  in  the  field  and  as  new 
roots  of  the  same  species  were  studied  any  variation  from  the 
original  description  was  carefully  noted.  It  is  believed  in  this 
way  that  thoroughly  reliable  results  have  been  obtained  for 
the  species  studied. 

A  few  of  the  root-systems  were  photographed  in  place,  but 
most  of  them  were  removed  from  the  soil  and  afterward  photo- 
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graphed,  together  with  a  meter  stick,  for  purposes  of  comparing 
lengths.  It  was  usually  necessarj''  to  double  the  root  one  or  more 
times  in  order  to  get  it  all  on  the  ground  glass  at  a  distance  close 
enough  to  show  the  details  of  structure.  Root-systems  of  the 
following  plants  were  studied. 


Fig.  7.  A  root  of  Lupinus  ornatus 
with  a  length  of  163  inches. 


Fig.  8.  Lupi7ius  leucophyllus  has  a.  much 
larger  transpiring  surface  and  a  smaller  ab- 
sorbing surface  than  the  preceding  species. 
Note  the  large  root  tubercles. 


Lupinus  ornatus  (Fig.  7) 

Only  two  .species  of  lupines  occur  widely  distributed  on  the 
high  prairies  of  eastern  Washington.  Of  these  Lupinus  ornatus 
is  the  more  xerophytic,  while  Lupinus  leucophyllus  rarely  occurs 
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excci)t  (III  moist  north  or  northeast  hillsides  or  in  the  narrow 
intorvoniiif?  \-alIeys.  The  aerial  parts  of  the  lui^ines  begin  re- 
newed growth  in  April,  and  come  into  bloom  in  June.  L. 
ornatus  remains  green  only  until  late  .July  or  early  August,  while 
L.  leucophyUm  seldom  dries  out  until  after  the  frosts  of  Sep- 
tember. The  dense  coat  of  appresscd  hairs  on  the  former,  on 
both  leaves  and  stems,  gives  the  plant  a  silvery  gray  appearance, 
and  as  the  aerial  parts  reach  a  height  of  more  than  a  foot,  they 
add  considerably  to  the  leaden  aspect  caused  by  Bnhamorhiza 
and  Hieracium.  As  regards  abundance,  an  average  of  7  plants 
per  square  meter  is  not  unusual,  while  L.  leucophyUus  seldom 
averages  more  than  one  per  square  meter. 

Twenty-four  root-systems  were  examined.  Several  reached 
a  depth  of  over  10  feet.  The  diameter  of  the  tap  root  is  seldom 
over  0.5  inch.  It  may  have  few  or  no  large  branches,  but  is 
often  well  supplied  with  wide-spreading  laterals.  The  whole 
root  is  well  clothed  with  fine  rootlets  to  the  third  order,  and  the 
last  foot  or  eighteen  inches  is  often  a  mat  of  small  branches  and 
root  hairs.  In  fact,  the  root  hairs  are  far  more  abundant  than 
on  any  other  plant  studied.  The  roots  pursue  a  very  devious 
course,  especially  in  more  comj)act  soils.  For  example,  one 
plant  reached  a  depth  of  only  5  feet  and  5  inches  but  the  main 
root  ran  along  under  the  ground  at  a  depth  of  only  12  inches  and 
for  a  distance  of  4  feet.  It  sent  up  a  whole  thicket  of  stems. 
Another  root,  with  a  circumference  of  1.5  inches,  which  it  main- 
tained for  3  feet,  was  over  10  feet  long,  but  reached  a  depth 
of  only  5  feet  and  5  inches.  \^Tien  the  top  parts  of  the  main  roots 
die,  sprouts,  seen  as  deep  as  3  feet,  grow  up  to  the  surface.  The 
average  depth  of  the  roots  for  all  the  plants  studied  was  7  feet 
and  7.1  inches.  Nodules  w^ere  found  to  depths  of  11  feet.  Nine 
plants  on  a  northeast  slope  gave  an  average  depth  of  6  feet: 
five  on  a  southwest  slope,  5  feet  and  11  inches;  and  ten  on  a 
northwest  slope  9  feet  and  10.4  inches. 

Lupinus  leucophyUus  {Fig.  8) 

This  lu])ine  has  a  much  larger  transpiring  surface  and  a  much 
smaller  absorbing  surface   than   the  preceding.     Its  tap   root. 
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which  is  seldom  over  0.5  inch  in  diameter,  may  be  abundantly 
branched  all  the  way  to  the  tip  with  short  laterals  (about  3 
inches  long),  but  more  frequently  it  throws  off  several  laterals 
at  various  depths.  These  vary  in  direction  of  growth  from  nearly 
horizontal  to  nearly  vertically  downward.  All  are  profusely 
branched  to  the  tliird  or  fourth  order,  especiall}'  near  the  tip. 


Fig.  9.  Astragalus  (Phaca)  arrcctus.    This  root  reached  a  depth  of  60  inches. 


The  nodules  are  much  larger  than  those  on  Lupinus  ornatus, 
often  10-15  mm.  in  diameter.  As  in  the  preceding  plant,  the 
legume  taste  is  characteristic.  Fourteen  plants  were  excavated 
on  a  northeast  slope.  The  deepest  reached  only  5  feet  and  5 
inches.     The  average  root  depth  was  4  feet  and  !).(>  inches. 
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Astragalus  (Phaca)  arrectus  (Fig.  9) 

Although  a  common  prairie  species,  this  plant  is  less  'abundant 
than  Lupmus  ornatus.  Like  most  of  its  neighbors  on  the  dry 
hillsides,  it  flowers  early  and  dries  up  during  th(>  first  week  of 

July. 

Six  plants  were  examined  on  a  southwest  slope  with  an  average 
root  depth  of  4  feet  and  7.8  inches.  The  strongly  developed  tap 
root  is  seldom  over  0.5  inch  in  diameter,  usually  pursues  a  course 
directly  downward,  and  sends  out  many  strong  laterals  at  vari- 
ous depths.  These  laterals  sometimes  branch  off  even  at  3 
inches  below  the  soil  surface,  and,  like  other  laterals  which  may 
be  thrown  off  all  the  way  to  the  tip,  often  run  in  a  rather  hori- 
zontal direction  before  again  turning  downward.  Like  all  the 
laterals,  the  tap  root  is  usually  profusely  branched  and  the  tip 
is  also  well  provided  with  branchlets.  One  case  was  observed 
where  the  end  of  the  tap  root  entered  a  worm  hole  at  a  depth  of 
47  inches  and  extended  downward  in  the  hole  for  9  inches  to  its 
en<l,  without  branching,  but  it  was  densely  covered  with  root 
hairs.  Astragalus  roots  have  a  light  tan  color.  The  shortest 
root-system  reached  a  depth  of  3  feet  and  4  inches;  the  longest, 
5  feet  and  10  inches. 

(To  be  continued.) 


A    RELATI\\E     SCORE    METHOD    OF    RECORDING 

COMPARISONS  OF  PLANT  CONDITION  AND 

OTHER  UNMEASURED  CH.\RACTERS 

E.   E.   FREE 
The  Johns  Hopkins  University,  Baltimore,  Md. 

To  all  scientific  investigators  it  is  a  common  experience  to 
find  need  of  expressing  more  or  less  quantitatively  relations 
which  are  not  strictly  commensurable  or  which  for  some  reason 
or  other  are  not  measured.  Students  of  plants,  for  instance, 
find  frequent  need  of  comparing  the  general  health  or  "condition" 
of  different  plants  and  while  this  comparison  is  perhaps  possible 
of  reduction  to  precise  terms  through  the  actual  measurement  of 
turgor,  color,  speed  and  intensity  of  response  to  stimuli,  intensity 
of  metabolic  functions,  and  the  like,  these  units  which  go  to 
make  up  the  condition  are  so  difficultly  and  laboriously  measur- 
able that  such  a  procedure  is  usualh^  impracticable.  Ordinarily 
the  judgment  of  a  qualified  observer,  really  formed  of  course 
from  a  more  or  less  unconscious  mental  consideration  of  the 
various  single  features  which  go  to  make  up  condition,  is  a  more 
accurate  as  well  as  less  troublesome  index  of  the  existing  differ- 
ences. It  has  the  further  advantage  of  permitting  decision 
immediately  or  almost  immediately  while  actual  measurement 
of  the  elements  composing  the  condition  would  require  a  time  so 
long  as  to  give  opportumty  for  important  change  during  the 
progress  of  the  measurement.  It  results  that  complex  ai)i)ear- 
ances  such  as  plant  condition  are  almost  never  measured  in 
practice  but  are  expressed  merely  as  being  better  or  worse  accord- 
ing to  the  judgment  of  the  experimenter. 

The  fault  of  this  simple  comparison  is  its  lack  of  quantitative 
expression  and  this,  while  unimportant  so  long  as  only  a  few 
plants  arc  under  consideration,  becomes  very  troublesome 
when   many   are   to   be   considered   or  when  non-simultaneous 
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series  are  to  be  compared.  For  the  ])artial  escape  of  these 
difficulties  two  methods  are  in  vojiuc.  The  first  is  the  method 
of  chissification,  h}'  wliich  the  phuils  are  placed  in  certain  roughly 
defined  classes,  as  for  instance,  "excellent,"  "good,"  "fair," 
"poor,"  etc.  The  second  is  the  method  of  ranking,  by  which 
the  plants  are  arranged  in  order  of  goodness,  the  best  at  the  top 
of  the  list,  the  poorest  at  the  bottom.  An  outgrowth  of  this 
second  method  is  the  assignment  to  each  plant  of  a  number 
(usually  a  percentage  of  "perfect"  goodness)  representing  its 
relative  position  in  the  series.  In  certain  cases,  as,  for  instance, 
in  scoring  plants  in  agronomic  judging,  this  number  is  made  up 
of  certain  numerical  luiits  assigned  to  easily  determinable  ele- 
ments of  condition  according  to  an  arbitrary  scale. 

Both  the  method  of  classes  and  the  method  of  ranking  suffer 
from  an  important  inherent  difficulty, — their  dependence  for 
accuracy  u])on  the  observer  retaining  constantly  in  mind  the 
character  and  conditionof  all  plants  of  the  series  at  thesame  time. 
With  series  of  a  few  plants  only  this  is  not  difficult  but  with  scores 
or  hundreds  to  compare  it  becomes  practically  impossible. 
Even  the  agronomic  method  of  numerical  scores  for  arbitrary 
unit  features,  suffers  from  this  difficulty  when  the  sj^stem  of 
scores  is  first  decided  upon.  It  is  practically  useful,  therefore, 
only  when  comparisons  continue  to  be  made  on  sufjstantially 
the  same  basis  and  under  substantially  the  same  conditions. 
Because  of  the  initial  work  necessary  in  the  preparation  of  the 
score  card  the  method  is  of  no  service  in  the  numerous  cases  of 
comparisons  on  new  or  changing  criteria  which  one  is  constantly 
(•alUnl  upon  to  make  in  tlie  course  of  much  biological  research. 

P"or  nearh'  ten  years  the  writer  has  been  accustomed  to  meet 
this  difficulty  by  a  method  derived  from  that  used  by  the  psychol- 
ogists in  the  investigation  of  affections  and  wliich  enables  the 
formalization  and  partial  quantitative  expression  of  compara- 
tive judgments  formed  ujion  any  criteria  whatsoever.  This 
method  has  proven  so  useful  to  the  writer  and  associates  in  so 
nvduy  and  so  varied  researches  and  seems  so  little  known  to 
investigators  in  experimental  biology  that  it  is  here  presented, 
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without,  however,   any  implication  that  it  involves  principles 
essentiall}'  new.' 

In  essence  the  method  consists  in  the  indi\idual  recording, 
and  later  summation  of  each-to-each  comparisons  between  each 
two  individuals  of  the  series  being  studied.  It  will  be  clearer  by  an 
example.  The  data  are  of  an  actual  case  of  comparison  between 
eight  plants  as  to  their  general  health  and  condition  and  are 
taken  from  an  investigation  now  under  way  in  tliis  laboratory. 
The  first  step  is  to  prepare  a  ruled  sheet  as  shown  in  figure  1, 
the  numbers  of  the  last  seven  plants  being  set  down  in  the  upper 
margin,  one  to  a  cokunn,  and  the  numbers  of  the  first  seven  in 
the  left  hand  margin,  one  to  a  line.  Plant  number  1  is  then 
compared  >vith  plant  number  2  as  to  their  relative  condition — 
all  other  plants  in  the  series  being  neglected.  It  is  judged  that 
plant  number  1  is  better.  Accordingly  in  the  space  in  the 
table  corresponding  to  plant  number  1  on  the  left  and  to  plant 
number  2  on  the  top  there  is  set  down  a  "1 "  this  constituting 
a  "score"  for  plant  number  1  and  indicating  that  in  that  partic- 
ular comparison  plant  number  1  was  judged  better.  Proceed- 
ing, the  comparison  of  plant  number  1  with  plant  number  3 
leads  to  a  judgment  that  number  3  is  better  and  a  "3"  is  set  down 
in  the  square  to  the  right  of  the  "1"  first  marked.  Similar 
comparisons  of  plant  number  1  with  plants  numbers  4, 5,  0,  7  and  8 
indicate  that  in  each  case  these  are  better  than  number  1  and 
the  appropriate  score  is  set  down  on  the  proper  square.  When 
plant  number  1  has  been  compared  with  all  the  other  plants  in 
the  series,  plant  immber  2  is  compared  with  each  other  plant 
(except  number  1,  this  comparison  having  been  made  already), 
and  the  appropriate  scores  set  down  in  the  second  line  of  the 
table  shown.  Plants  numbers  3,  4,  5,  6  and  7  follow  in  turn 
with  the  results  shown  in  the  table.  When  plant  number  6  is 
compared  with  plant  number  7  no  difference  can  be  detected 
and  an  "a"  is  therefore  set  down,  moaning  that  the  plants  are 
alike  and  counting  as  no  score  for  eitiier  plant.     It  will  be  noted 

'  A  brief  description  has  already  been  published  by  the  writer,  Jour.  Physical 
Chem.13:  131  (1909). 
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thiit  tlic  result,  as  shown  in  the  talkie,  is  a  rooDrd  of  individual 
comparisons  of  each  plant  with  each  other  j)lant  and  of  tlie  judg- 
ment formed  in  each  case. 

To  reduce  this  to  roughlj-  quantitative  terms  it  is  necessary 
only  to  add  the  scores  given  to  each  plant  in  the  course  of  the 
comparison.  Doing  this,  it  is  found  that  1  has  been  scored  once, 
2  not  at  all,  3  three  times,  4  twice,  5  six  times,  6  and  7  each  four 
times  and  8  seven  times.  8  is,  therefore,  in  the  best  condition 
and  2,  which  was  not  scored  at  all,  is  in  the  worst.  In  figure  2 
the  results  of  adding  the  scores  are  plotted,  the  horizontal  axis 
carrying  simply  the  numbers  of  the  plants  and  the  height  of  the 
corresponding  point  above  this  axis  being  an  aiiproximate measure 
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Fig.  1 


of  the  goodness  of  condition  of  that  plant  relative  to  the  con- 
dition of  the  other  plants  in  the  series. 

It  is  apparent  that  the  actual  vertical  difference  between 
two  plants  next  each  other  on  the  curve  may  not  represent 
accvn-atcly  the  degree  of  difference  in  condition.  Thus  the  curve 
of  figure  1  would  be  the  same  if  plant  number  8  wore  only  a 
little  better  than  plant  number  5  or  if  it  were  a  great  deal  better. 
In  some  measure  this  can  be  corrected  by  a  system  of  weighted 
scores  indicated  by  o^'erscoring  or  underscoring  the  figure 
of  the  score  as  set  down  in  the  table.  The  -mriter  is  accustomed 
to  use  five  such  weights  as  follows.  The  greatest  difference 
existing  between  any  two  plants  of  the  series  is  doubly  under- 
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scored  thus  "3."  The  degrees  of  difference  less  than  this  are 
divided  into  four  divisions  and  marked  in  decreasing  order  by 
single  underscore  (3),  no  weight  mark  (3),  smgle  overscore  (3) 
and  double  overscore  (3).  In  computing  the  summation  of 
scores  the  highest  weight  (double  underscore)  is  counted  as  5, 
the  next  as  4,  and  so  on  down  to  the  double  overscore  indicating 
the  slightest  degree  of  difference  which  is  counted  as  1.  Figure 
3  gives  the  same  comparisons  as  those  of  figure  1,  but  made  on 
the  weighted  basis  and  table  1  gi^'es  the  summation  of  the  weighted 
scores.  Figure  4  shows  the  weighted  curve  (the  scale  of  ordinates 
being  reduced  to  agree  with  that  of  figure  2)  and  it  is  seen  that 
there  is  a  large  gap  in  condition  between  plants  1.  2,  3  and  4  and 
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Fig.  3 


5,  6,  7  and  8,  which  fact  was  not  indicated  by  the  unweighted 
method  of  recording  the  comparisons. 

The  nature  of  the  method  and  the  manner  of  its  employment 
will  be  apparent  from  this  outline  but  one  or  two  collateral  mat- 
ters deserve  brief  notice.  First  is  the  maimer  in  whicli  difTorent 
sets  of  comparisons  thus  made  can  be  reduced  to  comjiarable 
terms.  .Suppose  sets  of  comparisons  like  those  of  figure  3  have 
been  made  on  .several  separate  series  of  plants.  There  is  not 
necessarily  any  relation  between  the  resulting  cur\'es  since  each 
applies  to  its  one  series  only.  However,  if  comparisons  are 
then  made  on  the  same  basis  between  the  best  plants  of  each 
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series,  oi-,  lor  Ihiit  matter,  between  any  plants  selected  one  from 
each  series,  the  resulting;  ourve  gives  the  comparison  between 
the  (lifi'orent  series  and  cualiics  the  reduction  of  all  to  the  same 
basis,  conveniently  expressed  on  a  scale  of  100  for  the  plant  in 
best  condition  among  them  all.     Obviously  a  similar  procedure 
permits  the  reduction  of  all  comparisons  to  terms  of  any  single 
standard  which  may  be  chosen,  as,  for  instance,  the  condition 
of  a  control  plant.     In  like  wise  it  is  possible  to  reduce  the  results 
of  a  series  of  compai'isons  to  actual  quantitative  terms  provided 
the  criteria  of  judgment   be  such  as  to  be  measurable  at  all. 
Suppose,  for  instance,  that  i:)lants  have  been  compared  as  to 
their  relative  leafness.     If  then  the  leafiness  of  any  two  of  the 
plants  be  actually  measured  by  counting  the  leaves  per  meter 
of  stem  or  in  any  other  way,  the  insertion  of  these  measurements 
in  the  curve  resulting  from  the  original  comparisons  gives  a 
scale  by  means  of  which  it  is  possil)le  to  reduce  the  whole  com- 
parison curve  to  aiii)roxhnately  quantitative  terms.     Procedures 
for  the  use  of  photographs  for  the  comparison  of  series  not 
synchronous  or  in  proximity  and  for  many  other  detailed  modifica- 
tions and  extensions  of  the  method  will  suggest  themselves  at  once. 
One  caution  is  important,  especially  in  connection  with  the 
method  of  weighted  scores.     In  using  this  method  on  a  large 
number  of  individuals— in  one  investigation  the  writer  employed 
it  with  nearly  two  hundred— the  mental  criteria  for  the  assign- 
ment of  weights  is  very  likely  to  change  during  the  carrying  out 
of  the  comparisons.     Thus  one  will  come  at  the  end  to  give  large 
weight  to  differences  which  at  first  were  marked  as  small,  or 
vice  versa.     This  may  be  avoided  very  largely  by  making  up 
the  comparison  table  in  irregular  order.     Thus,  instead  of  com- 
paring plant  number  1  with  all  the  others,  thei\  ])lant  number  2, 
etc.,  as  in  the  usual  method,  one  takes  first  the  comparisons  of 
plant  iiumber  1  than,  for  instance,  those  of  plant  number  80 
then  those  of  plant  number  36  and  so  on,  skipping  from  one  part 
of  the  table  to  another  until  fill  is  finally  complete.     In  this  way 
any  undetectetl  changes  of  mental  criteria  during  the  course  of 
the  comparison  will  be  distributed  over  the  entire  series  and 
without  important  effect  on  the  results. 


A    RELATIVE    SCORE    METHOD 


255 


It  will  be  obvious  that  the  method  is  not  limited  to  comparisons 
of  condition  but  can  be  applied  to  the  expression  of  any  com- 
parisons whatever.  Bj'  its  use  the  writer  and  associates  have 
made  comparisons  with  reference  to  things  so  various  as  the 
color  of  chemical  precipitates,  the  degree  of  flocculation  of  clay 
suspensions,  the  relative  ruggedness  of  mountain  ranges,  the 
thickness  of  stand  of  native  vegetation,  the  adhesiveness  of  wall 
paper  to  different  plasters,  and  many  others.  Of  course  many 
of  these  things  were  actualh'  measurable  but  the  measurements 
were  difficult,  time  consuming  and  unnecessary.  For  instance 
the  degree  of  ruggedness  of  a  mountain  range  might  be  measured 
in  several  ways  by  analysis  of  a  contour  map  but  to  do  so  would 

TABLE  1 

Siir?imation  of  weighted  scores 
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require  weeks  or  months  of  concentrated  labor  even  granting 
that  accurate  maps  were  availaljlc.  By  the  comparative  score 
method  the  relative  ruggedness  of  a  dozen  ranges  can  be  deter- 
mined in  a  few  minutes  by  mere  inspection  of  the  maps  or  from 
a  fairly  good  knowledge  of  the  topographv  without  any  maps  at 
all. 

In  conclusion  it  may  be  emphasized  that  this  metliod  is  simply 
a  system  of  facilitating,  recording  and  formalizing  judgment 
and  is  nothing  else  whatever.  It  depends  for  its  accuracy 
entirely  upon  the  correctness  of  the  individual  judgments  the 
results  of  which  it  expresses.  If  these  be  wrong  the  .scoring  of 
them  will  not  make  them  any  less  so.  Like  all  mathematical 
or   quasi-mathematical    procedures    absolutely    nothing   comes 
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out  of  the  process  except  what  goes  in.  It  is  impossible  to  laj' 
too  much  stress  upon  this  limitation,  for  the  appareiith-  ciuantita- 
tive  expressions  derived  by  this  method  are  likely  to  seem  more 
valid  than  they  are  and  to  blind  the  user  to  their  absolute  de- 
pendence upon  the  individual  judgments  from  which  they  are 
built  up.  From  all  of  this  it  follows  that  the  method  is  valuable 
only  when  correct  judgment  is  possible  which  means,  usually, 
criteria  of  difference  which  are  definitely  understood  and  appreci- 
ated, the  possibility  of  simultaneous  comparison,  and  a  series 
the  differences  within  which  are  not  so  wide  as  to  confuse  and 
hamper  the  individual  judgments. 


BOOKS  AND  CURRENT  LITERATURE 

A  Text-Book  of  Grasses. — A  recent  publication  of  note  is  A  Tcxt- 
Book  of  Grasses,  by  Prof.  A.  S.  Hitchcock  of  the  Department  of  Agri- 
cultui-e,  Washington,  D.  C  This  is  one  of  the  Rural  Science  Series 
edited  by  L.  H.  Bailey,  and  is  certain  to  prove  valuable  not  only  for  the 
general  readei's  but  also  for  the  student  of  grasses.  It  contains  many 
illustrations  which  make  it  of  special  value  to  the  huinan  who  wants 
to  know  about  the  common  grasses  and  forage  plants. 

The  book  is  divided  into  two  ])arts.  Economic  Agrostology  with  88 
pages  divided  into  10  chapters,  and  Systematic  Agrostology  with  167 
pages  and  15  chapters.  Under  Economic  Agrostologj'-  such  subjects 
as  forage  plants,  cultivated  jxistures,  meadow  plants,  lawns,  grasses 
as  weeds,  gi-asses  for  miscellaneous  purposes  and  grass  crop  areas  are 
discussed.  The  treatment  of  most  of  these  subjects  is  too  brief  to  be 
of  great  value  even  to  the  ordinary  reader.  The  subject  of  grazing 
ranges  and  range  grasses  is  manifestly  not  as  good  as  it  should  l)e. 
The  real  factor  in  building  up  grazed-out  ranges  in  the  west  is  to  insure 
seed  production  by  means  of  alternate  grazing  and  resting  of  the  areas 
concerned.  This  part  of  the  book  contains  some  verj^  suggestive 
charts  on  foiage  production  in  the  United  States,  including  timothy, 
clover,  alfalfa,  millet,  and  pi-aiiic  grass.  With  all  regard  to  Professor 
Hitchcock's  wide  knowledge  of  grasses,  the  writer  cannot  agre(>  full\- 
with  the  statement  that  blue  grama  grass  is  a  short  grass  and  is  fre- 
quently confused  with  buffalo  grass. 

The  second  part  of  the  book  is  very  much  stronger  than  the  first 
part,  in  fact,  parts  of  it  are  rather  technical  for  the  average  person. 
A  study  of  it  gives  one  a  general  idea  of  our  commoner  and  more  val- 
uable grasses.  It  is  not  complete  enough,  however,  for  the  student 
of  grasses  to  gain  a  scientific  knowledge  of  the  subject.  Considerable 
space  is  taken  up  with  technical  information  necessaiy  to  the  study  of 
grasses.  This  might  well  be  gained  by  the  college  student  in  one  semes- 
ter's work  in  general  taxonomy,  while  for  the  layman  who  has  no  knowl- 
edge of  botany  much  of  this  information  will  be  of  little  value.  The 
writer  regrets  to  say  that  the  cilation  of  reference  works  in  the  first  i)art 
of  the  book  is  limited  to  Washington  publications.     Some  of  our  best 

'Hitchcock,  A.  S..  A  Text-Book  of  Grasses.  Pp.  276,  figs.  63.  New  York, 
The  iMacmillan  Company,  1914  (81.50). 
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works  oil  forage  grasses  and  grazing  ranges  have  appeared  from  Experi- 
ment Stations  in  the  west.  With  these  faults  tlie  hook  is  nevertheless 
valuable  and  should  be  in  every  general  library,  and  in  the  libraries 
of  botanists,  agrostologists  and  progressive  agriculturists.  It  can 
hardly  find  a   place  in  our  schools,   however,  as  a  text-book. — .J.  .1. 

TliORNBEU. 

Internal  Tk.mperatuues  of  Desert  Pla.nts. — Pearson  has  in- 
vestigated' the  internal  temperatures  of  Euphorbia  virom  antl  Aloe 
dichotoma,  two  of  the  commonest  succulents  of  Great  Namaqualand, 
carrying  on  his  work  in  their  natural  habitat  at  4200  ft.  elevation. 
Aloe  possesses  a  soft  wood}'  stena  rich  in  water.  The  daily  range  of 
temperature  at  the  center  of  the  stem  is  as  much  as  24°  or  even  30°  F., 
theniininiuni  b(>ingapproxiniately  that  of  theair,  and  the  maximum  oidy 
3°  to  7°  above  atnio.spheric  shade  temiieratui-e — or  up  to  101°.  Euphor- 
bia virosa  has  a  large  central  air  cavity  crossed  bj^  numerous  partitions 
containing  lactiferous  vessels.  The  temperatui-es  ofthe  gas-fillod  cavi- 
ties have  a  daily  range  of  as  much  as  24°  and  even  49°  F.,  extending 
from  minima  which  are  practicallj^  those  of  the  atmosphere  to  maxima 
which  arc  from  19°  to  2."!°  higher  than  those  of  the  air,  carrying  the  in- 
ternal maximum  as  high  as  125"  F.  The  wounding  of  Aloe  causes  a 
tardy  fall  of  temperature,  whiih  appears  to  be  due  to  evaporation  from 
the  cut  surfaces.  The  wounding  of  Euphorbia  causes  an  immediate  fall 
of  the  internal  gas  temi^erature,  together  with  a  more  i)rolongetl  local 
lowering  of  temperatuie.  Tli(>  wounding  of  Euphorbia  is  accompanied 
by  a  copious  exudation  of  latex  and  by  a  partial  release  of  the  internal 
gas  pressure,  which  is  normally  somewhat  higher  than  atmosplieric 
pressure.  Pearson  attributes  the  sudden  fall  of  temperature  to  the 
expansion  of  the  internal  gases  when  released  by  the  wound,  and  re- 
garils  the  outflow  of  latex  as  accelerated  by  the  influence  of  the  pressure 
disturbances  on  the  lactiferous  partitions.  Evaporation  from  the 
exuded  milk  causes  a  local  lowering  of  temperature  until  the  hardening 
of  the  surface  takes  place  through  formation  of  caoutchouc.  The  pres- 
sure of  the  internal  gases  is  suggested  as  having  a  function  in  assisting 
mechanical  ridigity  and  in  increasing  the  flow  of  latex.  The  sealing 
of  wounds  by  latex  in  Euphorbia  is  shown  to  lessen  its  liability  to  inju- 
rious after-effects,  as  compared  with  the  non-lactiferous  Aloe. — Forrest 
Shreve. 

'Pearson,  H.  H.  W.,  Observations  on  the  Internal  Temperatures  of  Euphor- 
bia virosa  and  Aloe  dichotoma.     Ann.  Bolus  Herb.  1:  41-05,  Nov.  1914. 
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The  nineteenth  volume  of  Contributions  from  the  National  Her- 
barium is  completely  taken  up  by  the  800-page  Flora  of  New  Mexico 
by  E.  0.  Wooton  and  Paul  C.  Standley.  Much  arduous  exploration 
lies  at  the  foundation  of  this  catalogue  of  the  3000  species  of  plants  which 
are  found  in  the  \'alle}-s,  plains,  deserts,  scrub,  forest,  and  alpine  summits 
of  this  highly  diversified  state.  The  usual  features  of  keys  to  genera 
and  species,  citations  of  synonjTns,  and  statement  of  type  locality  are 
to  be  found.  The  statements  of  range  within  the  state  are  given  in 
considerable  detail  and  are  usually  followed  by  a  general  statement  as 
to  the  habitat  and  zonal  distribution  of  the  plant.  Critical  notes  are 
frequent,  and  there  are  also  many  remarks  on  the  human  interest  that 
attaches  to  certain  plants,  but  is  usually  severed  in  works  of  this  char- 
acter. The  Flora  contains  no  description  of  the  vegetation  or  regional 
features  of  the  state,  such  as  was  found  in  the  floras  of  Alabama  and 
Washington,  published  in  this  series.  It  is  unfortunate  that  such 
matter  is  omitted,  for  it  would  be  of  interest  to  very  many  people  who 
will  never  have  occasion  to  consult  the  book  as  it  stands.  In  this  case 
the  omission  is  supplied  by  the  bulletin  of  Bailey  on  the  Life-Zones  of 
New  Mexico  (North  American  Fauna,  No.  35),  and  in  part  by  the 
bulletin  of  Wooton  on  Factors  Affecting  Range  Management  in  New 
Mexico  (Department  of  Agriculture,  Bulletin  211),  in  which  there  is  a 
fine  series  of  illustrations  of  types  of  New  Mexican  vegetation. 

In  1908  Mr.  George  B.  Sudworth  published  a  volume  of  over  400 
pages  entitled  Forest  Trees  of  the  Pacific  Slope,  a  book  which  has  been 
extremely  useful  to  the  foresters  and  botanists  of  the  Pacific  region  by 
reason  of  its  very  full  descriptions,  detailed  statements  of  rang(>,  and 
its  infonnation  regarding  growth  and  climatic  requirements.  It  was 
the  intention  of  the  Forest  Service  in  1908  to  follow  this  publication  by 
similar  ones  for  the  Rocky  Mountain  region  and  for  the  eastern  states. 
This  plan  has  been  modified  to  the  extent  that  these  regions  will  be  cov- 
ered by  a  series  of  bulletins,  each  of  which  will  deal  with  a  small  grou]) 
of  genera.  The  first  of  the  Rocky  Mountain  series  has  recently  appeared 
(Department  of  Agriculture,  Bulletin  207),  covering  the  cji^resses  and 
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junipors.  Thp  troatmont.  in  this  bulletin  is  less  fletailed  than  in  the 
Pacific  Slope  volume  and  is  more  popular,  which  will  make  it  less  val- 
uable to  the  people — that  is  to  the  people  who  will  actually  have  use 
for  it.  The  illustrations  of  the  details  of  foliage  and  fruit  are  splendid, 
but  the  pictures  of  the  trees  themselves  are  wretched  cuts  that  might 
well  have  been  replaced  by  half  tones  from  some  of  the  many  fine  nega- 
tives in  the  possession  of  the  Forest  Service.  The  distribution  of  some 
of  the  trees  is  shown  by  maps,  which  are  executed  with  painstaking 
accuracy  but  are  almost  too  small  to  be  of  more  than  very  general  use. 
They  are,  at  least,  a  poor  substitute  for  the  actual  lists  of  occurrence 
found  in  the  Pacific  Slope  volume. 

Dr.  C.  C.  Adams  has  published  a  brief  Outline  of  the  Relations  of 
Animals  to  their  Inland  Environments,  which  is  an  eloquent  plea  for 
the  dynamic  study  of  animal  associations.  An  extended  Teport  by 
him  on  the  ecology  of  the  invertebrates  of  prairie  and  forest  is  about 
to  appear  as  a  Bulletin  of  the  Illinois  State  Laboratory  of  Natural  His- 
tory. In  June  Dr.  Adams  entered  on  his  new  post  as  Forest  Zoologist 
in  the  College  of  Forestry  at  Syracuse  University,  and  has  since  been 
organizing  work  on  the  animal  ecology  of  New  York. 
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ACID   ACCUMULATION   AND   DESTRUCTION   IN 
LARGE  SUCCULENTS 

ESMOND  R.  LONG 
The  Desert  Laboratory,  Tucson,  Ariz. 

The  diurnal  variation  in  the  acidity  of  the  sap  of  succulents 
has  been  under  investigation  for  a  number  of  years  by  Richards.' 
In  a  large  number  of  observations  he  has  foimd  that  the  acidity 
of  the  expressed  juice  of  cacti  is  considerably  higher  in  the  early 
morning  than  at  the  close  of  the  day,  reaching  its  maximum  just 
before  sunrise,  and  gradually  decreasing  throughout  the  day  until 
the  minimum  is  reached  approximately  two  hours  before  sunset. 
He  has  come  to  the  conclusion  in  view  of  his  experiments  and  the 
observations  of  Spoehr-  on  the  photolysis  of  acids  that  in  the  de- 
struction of  the  acids  which  accumulate  during  the  night  through 
insufficient  oxidation  in  the  catabolism  of  carbohydrates,  both 
light  and  temperature  play  a  part.  The  stops  in  the  photolysis 
of  maHc  acid,  which  appears  to  be  the  chief  acid  constituent,  other 
than  oxalic  acid,  in  the  sap  of  cacti,  have  been  described  by 
Spoehr,'  the  process  being  apparently  one  occurring  only  in  the 
presence  of  certain  salts  and  not  to  be  attributed  to  the  action 
of  an  enzyme. 

In  the  following  experiments  the  investigations  of  Richaids,  in 
which  Opuntia  versicolor  and  a  number  of  the  flat-jointed  opuntias 
served,  have  been  extended  to  two  of  the  larger  succulent  cacti, 
Echinocactus  unslizeni  fbisnaga)  and  Curnegicn  (jUjanlea  (sahuaro). 
The  object  was  not  merely  to  measure  the  diurnal  variation  in 
acidity  in  those  i)lants,  l)ut  it  was  thouglit  that  the  larg(!  diameter 
of  the  bisnaga  and  sahuaro  would  furnish  an  admirable  oi)i)ortunity 
for  studying  the  light  and  temperature  effects  upon  acidity  in  dif- 

'  See.Viinual  Uci)ort,  Carnegie  Inst.,  Wa.sh.,  11(11,  1912  uiul  1913. 

'  Annual  Report,  Carnegie  Inst.,  Wa.sh.,  1913. 

'  Ibid,  and  Biochcm.  Zcitschr.  67:  (1913),  Bd.  1,  II.  2,  9,")  111. 
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ferent  regions  of  the  same  plant.  A  difference  of  15°C.  was  noted 
in  a  l)isnap;a  30  cm.  in  diameter  between  the  temperature  of  the 
tissue  just  under  tlie  (;i)idonnis  and  that  of  the  tissue  in  the  center 
of  (ho  plant  at  5  p.m.  after  a  wai-m  day.  This  is  approximately 
eciual  to  half  of  the  diurnal  variation  in  the  temperature  of  the 
air  at  the  season  in  which  these  experiments  were  conducted. 

The  material  for  this  investigation  was  all  obtained  from  the 
eastern  slope  of  the  Tucson  Mountains  within  a  radius  of  three 
or  four  miles  from  the  Desert  Laboratory.  The  method  adopted 
in  the  analysis  was  as  follows:  Only  as  many  plants  as  could  be 
studied  in  three  or  fom-  days  were  secured  at  one  time.  These 
were  exposed  one  at  a  time  to  the  sunlight  throughout  the 
day  and  split  longitudinally  late  in  the  afternoon,  the  half  which 
had  been  most  exposed  being  taken  for  analysis  immediately, 
the  other  being  laid  aside  for  analysis  in  the  early  morning. 
The  latter  portion  was  laid  cut  surface  down  on  a  flat  table  so 
that  as  little  evaporation  as  possible  might  take  place  from  the 
injured  surface,  and  in  the  morning  the  further  precaution  was 
taken  of  cutting  away  about  an  inch  of  this  surface  layer,  which 
would  be  as  deep  as  any  abnormal  evaporative  or  oxidative 
action  of  the  air  might  have  occurred.  The  actual  analysis  was 
made  in  this  manner:  Sample  portions  were  taken  at  a  uniform 
distance  from  the  base,^  from  each  split  plant  and  numbered  as 
indicated  in  figure  1.  A  and  B  were  close  together  and  taken 
within  the  ridges  of  the  plants,  A  just  inside  of  the  chlorophyll 
bearing  tissue,  B  a  little  deeper.  A  and  B  were  thus  from  a  re- 
gion much  more  exposed  to  light  and  heat  than  the  other  samples 
and  A  in  turn  more  than  B.  These  relations  are  indicated  in 
the  diagrams  of  the  plants  cut  in  cross  section.  The  samples  thus 
obtained  were  pressed  out  in  a  fruit  press  and  the  products 
warmed  rapidly  and  titrated  against  ^  XaOH  with  phonol- 
I)hthalein  as  indicator.  In  the  tables  to  follow,  the  acidity  of  the 
sap,  which  was  determined  by  the  titration  of  25  cc.  samples,  is 

*  MacDougal  and  Spalding,  Carnegie  Inst.,  Wash.,  (Publ.  141)  have  shown  that 
the  proport/ion  of  sap  to  dry  tissue  varies  consideral)ly  within  the  same  plant  in 
the  sahuaro  and  bisnaga,  the  water  content  being  greatest  near  the  apex  of  the 
trunk  and  least  at  the  base. 
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recorded  in  the  number  of  cc.  of  vo  NaOH  required  to  neutralize 
1  cc.  of  the  sap. 

The  increase  in  acidity  in  the  morning  samples  is  apparent. 
This  is  what  is  to  be  expected  in  view  of  the  greater  intensity  of 


VtRTICAU 

StcTton 


Cross-  Stcnori 


LCHinoCACTUS 


Vlbtical 

SfcCTIQH 


Cross  -  Alctiom 


Car/slgiea 


Fig.  1.    Diagram  of  Echinocaclus  and  Carnegiea  in  section,  showing  regions 
from  which  samples  were  taken  for  analysis. 

light  and  heat  acting  upon  {\w  i)lants  during  the  day.  Relieved 
from  the  destructive  action  of  these  agencies,  the  organic  acids 
which  are  formed  wherever  carbohydrates  are  being  burned, 
tend  to  accumidato  during  the  night  faster  than  they  are  de- 
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stroyed,  while  in  the  day  the  reverse  process  takes  place,  so  that 
the  acidity  of  the  sap  is  higher  at  the  day's  beginning  than  at 
its  close. 

It  would  bo  expected  furthermore  that  the  accumulation  of 
acidity  during  the  night  would  br  the  greatest  where  the  concen- 
tration of  carbohych-ates  is  greatest,  that  is  in  the  outer  parts 
near  the  chlorophyll  tissue,  the  seat  of  carbohydrate  formation, 
and  this  is  confirmed  by  the  analytical  tests.     Taking  the  figures 


Shoiving  dry  ireight  {in  per  cent),  density  of  sap,  and  acidity  of  sap  in  three  samples 
at  different  depths  from  each  of  three  plants  of  Carnegiea.  All  plants  cbllecled 
July  18;  analyses  7nade  at  5  p.m.  on  July  18 ,  19 ,  and 21 ,  and  at  8  a.m.  on  the  morn- 
ings following .  Plant  Xo.  1:  height  126  cm.,  sampled  70-90  cm.  from  base;  No.  2: 
height  134  cm.,  sampled  80-100  cm.  from  base;  Xo.  3:  height  110  cm.  sampled 
55-75  cm .  from  base 


5  P.M. 

8  a.m. 

SAMPLE 

Dry  wt. 

Density 

Acidity 

Dry  wt. 

Density 

Acidity 

A 

10.1 

1.013 

0.404 

9.1 

1.014 

0.492 

No.  1 

B 

5.9 

1.010 

0.324 

7.4 

1.012 

0.388 

. 

C 

11.6 

1.014 

0.148 

12.6 

1.015 

0.172 

A 

11.4 

0.980* 

0.368 

9.4 

0.987 

0.556 

No.2 1 

B 

8.6 

1.008 

0.408 

8.2 

1.010 

0.456 

C 

10.7 

1.012 

0.268 

12.2 

1.013 

0.304 

A 

.5.. 5 

1.008 

0  .i44 

6.1 

1.009 

0.616 

No.  3 1 

B 

4.9 

1.009 

0.452 

5.5 

1.009 

0.524 

C 

5.7 

1.009 

0.320 

6.4 

1.008 

0.300 

'  Large  amount  of  air  in  sap. 


from  tabic;  1  and  sul:)tracting  the  late  afternoon  value  for  acidity 
from  that  of  the  early  niorniiig,  wo  obtain  the  results  shown  in 
table  2. 

The  diflference  between  morning  and  evening  acidity  is  thus 
seen  to  be  relatively  great  in  the  outer  parts  and  slight  in  the  cen- 
tral tissues.  This  is  probably  to  bo  explained  as  follows.  Near 
the  surface  of  the  plant,  where  soluble  carbohydrates  are  plenti- 
ful, we  have  a  relatively  large  carbohydrate  metabolism  as  com- 
pared with   the  inner  tissues,  which  because  of  their  distance 
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from  the  source  of  soluble  carbohydrates,  receive  their  supph^ 
slowh'  and  are  therefore  limited  to  a  smaller  carbohydrate  metab- 
olism, so  that  acid  production  is  less  rapid  than  near  the  surface. 
Furthermore,  as  the  center  of  the  plant  is  approached,  the  in- 
creasing insulation  tends  to  minimize  temperature  and  light  dif- 
fer-nces  of  night  and  day.  Briefly  stated  there  is  a  large  accu- 
mulation of  acids  during  the  night  in  the  outer  parts  and  a  large 
destruction  of  acids  during  the  day,  so  that  diurnal  differences  in 
acidity  are  large,  while  in  the  inner  parts  there  is  much  slower 
formation  of  acids  and  only  a  slight  diurnal  difference  in  the 


TABLE ; 


Showing   differences  in  the   acidity  of  sap  in   samples  taken  in  afternoon   and 
morning  at  different  depths  from  plants  of  Carnegiea  collected  July  18 


PLANT 

TIME 

SAMPLE   A 

e.^MPLE   B 

SAMPLE  C 

No.  1 

8  a.m. 
5  p.m. 

0.492 
0.404 

0.388 
0.324 

0.172 
0.148 

0.088 

>        0.064 

> 

0.024 

No. 2 1 

8  a.m. 
5  p.m. 

0.556 
0.368 

0.4,56 
0.408 

0.304 
0.268 

I 

O.ISS         ' 

0.048 

> 

0.036 

No. 3 

8  a.m. 
5  p.m. 

0.616 
0.544 

0.524 
0.452 

0.300 
0.320 

^ 

0.072 

0.072 

> 

-0.020 

action  of  light  and  heat  ujion  them,  so  that  diurnal  differences 
here  are  small. 

In  the  protocols  to  follow  it  will  be  seen  that  the  same  condi- 
tions exist  in  the  bisnaga  (tables  4  and  5). 

The  facts  expressed  in  the  accompanying  (al)lcs  agree  in  the 
main  with  those  outlined  above  in  the  case  of  the  sahuaros. 
Bisnagas  28,  29,  32  and  33  are  distinctly  more  acid  in  the  early 
morning  than  in  the  late  afternoon  and  with  only  one  partial 
exception  the  difference  in  acidity  of  corresponding  samples 
of  the  two  periods  progressively  becomes  smaller  as  the  cen- 
ter of   the  plant    is   approached.     In   bisnaga   29   the   increase 
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in  morning  acidity  over  preceding  afternoon  acidity,  is  greater 
in  the  case  of  B  than  in  A.  It  is  probable  that  the  lateness  of 
the  hour  of  analysis  (9  a.m.)  is  partly  responsible  for  this  condi- 
tion, i.e.,  that  the  photolysis  of  acid  in  A  was  already  under  way. 
From  B  to  D  the  nsual  condition  of  a  progressive  decrease  in  the 
subtraction  value,  is  observed,  until  at  D  the  acidity  of  morning 
and  afternoon  sap  is  practically  the  same.  Bisnaga  No.  27  pre- 
sents a  contrast  to  all  the  other  specimens  studied  in  that  the 
sap  of  A  is  more  acid  in  the  afternoon  than  in  the  early  morning, 
and  the  subtraction  value  becomes  larger  instead  of  smaller  as 
the  center  is  approached.  No  satisfactory  explanation  can  be 
given  for  this  discrepancy.  Apparently  metabolism  was  not 
very  active,  for  the  differences  between  day  and  night  acidity 
are  not  great  at  any  point.  Owing  to  adverse  weather  conditions 
early  morning  analyses  were  not  made  of  Nos.  30  and  31,  these 
being  included  in  the  protocols  merely  to  show  some  other  rela- 
tions of  interest  in  the  general  discussion. 

DISCUSSION 

A  glance  at  the  tables  shows  a  constant  feature  with  regard  to 
the  water  distribution.  In  morphologically  similar  tissue,  that 
is  from  A  to  D  inclusive  in  the  bisnaga  and  in  A  and  B  in  the 
sahuaro,  the  dry  weight  of  the  tissue  decreases  as  the  center  is 
approached.  (E  of  the  bisnaga  and  C  of  the  sahuaro,  each  within 
the  fibi'o-vascular  cylinder  of  the  plant  are  more  woody  than  the 
tissues  peripheral  to  the  rmg  and  are  characterized  by  a  relatively 
low  water  content  and  low  acidity.)  This  is  presumably  the  re- 
sult of  an  active  transpiration  in  which  water  is  removed  from 
the  superficial  tissues  more  rapidly  than  it  is  supplied  by  conduc- 
tion and  diffusion  from  the  interior.  It  would  be  expected  that 
in  the  nightly  checking  of  transpiration  the  outer  tissues  would 
tend  to  "catch  up"  in  water  content  at  the  expense  of  the  inner 
ones,  that  is,  that  the  inside  tissues  would  become  drier  and  the 
outside  ones  wetter  during  the  night,  and  that  the  morning  anal- 
ysis would  show  a  more  even  distribution  of  the  water  than  in 
the  preceding  evening.     And  this  is  actually  found  to  be  the  case 
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TABLE  3 


Shovring  dry  weight  {in  per  cent)  and  acidity  of  sap  in  four  samples  at  different 
depths  from  each  of  seven  plants  of  Echinocactus.  Plants  27  to  29  collected  June 
30;  Plants  SO  to  32  collected  July  S;  Plant  33  collected  July  18 


AFTERNOON 

MORNING 

PLANT 

WEIGHT 

D.4TES  .IND  HOURS 

S.VMPLE 

Dry  wt. 

Acidity 

Dry  wt. 

.Acidity 

is. 

Xo.  27 

20 

June30-Julyl 

A 

11.9 

0.376 

10.0 

0.342 

4p.m. ,8a.m. 

B 

10.7 

0.269 

9.0 

0.278 

C 

7.7 

0.154 

7.5 

0.166 

D 

6.7 

0.143 

7.1 

0.166 

No.  28 

12 

Julyl-July2. 

A 

11.1 

0.145 

10.6 

0.184 

3p.m. ,9a.m. 

B 

9.0 

0.142 

9.4 

0.168 

C 

7.5 

0.147 

7.7 

0.172 

D 

6.8 

0.152 

7.2 

0.168 

No.  29 

25 

July4-Julyo. 

A 

12.1 

0.400 

10  9 

0.472 

4p.m., 9a.m. 

B 

9.2 

0.320 

9.1 

0.472 

C 

7.4 

0.190 

5.9 

0.256 

D 

7.1 

0.166 

6.6 

O.ISO 

No.  30 

17 

Julys*. 

A 

10.0 

0.136 

3  p.m. 

B 
C 
D 

9.3 
7.8 
7.3 

0.144 
0.216 
0.212 

No.  31 

20 

July  9*. 

A 

8.2 

0.124 

3  p.m. 

B 
C 
D 

6.5 

4.7 
4.3 

0.120 
0.100 
0.088 

No.  32 

15 

JulylO-Julyll. 

A 

6.0 

0.156 

6.4 

0.232 

4  p.m.,  7  a.m. 

B 

5.3 

0.180 

4.7 

0.208 

C 

3.9 

0.192 

3.3 

0.192 

E 

9.6 

0.120 

No.  33 

12 

July  21-July  22. 

A 

8.0 

0.140 

6.4 

0.256 

6  p.m.,  7  a.m. 

B 

6.6 

0.176 

5.4 

0.232 

C 

5.9 

0.236 

4.6 

0.192 

*  Because  of  heavy  rains  during  the  night,  which  probably  affected  the  plants 
through  the  exposed  surface,  morning  analyses  were  not  made. 


in  most  of  the  plants  studied.  For  example,  the  dii'i'ercnce  in 
water  content  of  A  and  B  in  sahuaro  No.  1  is  4.2  per  cent  (of  the 
wet  weight  of  the  plant)  at  5  p.m.,  and  only  1.7  per  cent  at  8  a.m. 
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the  next  morning.  Similar  calculation  for  all  the  plants  exam- 
iiied  gives  the  results  shou-n  in  tahl(>  5  for  flu-  varying  water 
content. 

If  we  assume  that  at  a  given  time  of  day  two  lialves  of  the  plant 
are  similar  in  water  distribution,  and  this  is  probably  fair  in  view 
of  the  symmetry  of  these  plants,  then  the  above  figures  simply 
show  that  generally  the  difference  between  the  water  content 

T.\BLE  4 
Showing  differences  in  the  acidity  of  sap  in  samples  taken  in  afternoon  and  morn- 
ing at  different  depths  from  plants  of  Echinocacius  collected  June  30,  July  8,  and 
July  18 


PLANT 

TIME 

SAMPLE   A 

SAMPLE   B 

SAMPLE  C 

SAMPLE  D 

No.  27 1 

8a.m. 
4p.m. 

0.342 
0.376 

0.278 
0.269 

0.166 
0.154 

0.166 
0.143 

-0.034      <      0.009      <      0.012     <       0.023 

No.28 1 

9a.m. 
3p.m. 

0.184 
0.145 

0.168 
0.142 

0.172 
0.147 

0.168 
0.152 

0.039      >      0.026      >      0.025      >      0.016 

No.29 

9a.m. 
4  p.m. 

0.472 
0.400 

0.472 
0.320 

0.256 
0.196 

0.180 
0.166 

0.072      <      0.152      >      0.060      >      0.014 

No. 32 

7a.m. 
4p.m. 

0.232 
0.156 

0.208 
0.180 

0.192 
0.192 

0.076      >       0.028     >      0.000 

No. 33 

7a.m. 
6p.m. 

0.256 
0.140 

0.232 
0.176 

0.192 
0.236 

0.116      >      0.056      >  -0.044 

of  the  external  and  internal  simply  diminishes  during  the  night. 
During  the  day  water  evaporates  from  the  surface  more  rapidly 
than  it  can  be  supplied  by  conduction  and  diffusion  from  the  in- 
ternal parts.  The  lost  water  of  the  surface  layer  is  replaced 
again  at  the  expense  of  the  interior  (which  by  the  excision  of  the 
plant  was  cut  off  from  its  water  supply)  during  the  night.  Thus 
we  may  conclude  from  the  general  observation  that   the  water 
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content  of  the  outer  parts  is  higher  (while  that  of  the  inner  is 
lower)  in  the  morning  than  in  the  preceding  evening. 

Obviously  this  movement  must  be  taken  into  consideration  in 
a  study  of  acidity.  Since  the  dissolved  acids  of  the  interior  sap 
will  be  carried  along  in  the  stream,  they  will  tend  to  accumulate 
in  the  outer  parts  and  thus  increase  their  total  acid  content.  The 
main  features  of  the  conducting  system  of  the  sahuaro  and  bis- 
naga  are  a  central,  woody,  fibrovascular  cylinder,  with  ramifica- 
tions extending  from  it  to  the  chlorophyllous  tissue. 

With  such  an  extensive  conducting  system  changes  in  the 
acidity  of  different  zones  due  to  movement  of  fluids  might  be 
expected.  However  as  closer  consideration  and  a  study  of  the 
last  tables  will  show,  this  effect  is  not  marked.  The  amount  of 
acid  carried  to  the  outer  parts  by  conduction  from  the  inner  must 
be  in  proportion  to  the  water,  and  the  net  result  might  be  an  in- 
crease or  decrease  in  the  acidity  per  cc.  of  the  outer  sap,  accord- 
ing as  the  sap  of  the  interior  had  a  higher  or  lower  concentration 
than  that  of  the  exterior.  However  the  increase  of  water  con- 
tent in  a  given  area  by  movement  from  neighboring  interior  tissue 
is  only  1  to  3  per  cent  (see  tables  on  a.m.  and  p.m.  water  dis- 
tribution), while  the  morning  acidity  may  exceed  that  of  the  pre- 
ceding afternoon  by  as  much  as  50  per  cent.  It  would  seem 
therefore  that  sap  movements  play  a  very  small  part  in  the  case 
in  question  and  we  may  safely  assume  that  the  observed  effects 
are  due  to  nightly  accumulation  and  daily  destruction  of  the  acid 
products  of  carbohydrate  metabolism.  As  a  glance  at  the  tables 
will  show,  diurnal  diffei-ences  in  the  density  of  the  sap  are  so  slight 
as  to  be  negligible. 

One  point  to  consider  further  is  the  relatively  high  concentra- 
tion of  acid  observed  in  the  outer  parts  in  the  early  morning 
analysis.  The  acidity  near  the  surface  is  often  double  or  even 
triple  the  acidity  of  the  sap  at  the  center  and  usually  becomes 
progressively  lower  as  the  center  is  approached.  \Miile  no 
estimations  of  sugar  concentration  were  made,  it  so(>ms  pi-ohublo 
that  this  higlusr  acidity  in  the  outer  parts  is  due  to  a  higher  con- 
centration of  carbohydrates  in  the  same  regions.  The  synthesis 
of  carbohydrates  can  take  place  onl.\-  in  Iho  green  tissue  of  the 
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TABLE  5 


Showing  differences  in  water  content  (in  per  cent)  in  samples  taken  in  afternoon 
and  morning  at  different  depths  from  plants  of  Carncgiea  (C)  and  Echinocactus 
(E) 


CI. 


C2. 


C3. 


E27. 


E28. 


B 
A 


B 
A 


B 

A 


B 
A 


C 
B 


D 
C 


B 
A 


C 
B 


D 
C 


AFTERNOON 


MOKNING 


.94.1 
89.9 

92.6 
90.9 

4.2 

> 

1.7 

91.4 
88.6 

91.8 
90.6 

2.8 

> 

1.2 

95.1 
94.5 

94.5 
93.9 

0.6    = 

= 

0.6 

89.3 
88.1 

91.0 
90.0 

1.2 

> 

1.0 

92.3 
89.3 

92.5 
91.0 

3.0    >      1.5 


93  3 
92.3 


91.0 
88.9 
2.1     > 


92.5 
91.0 


93.2 
92.5 


92.9 
92.5 


1.0     >      0.4 


90.6 

89.4 

1.2 


92.3 
90.6 


1.5     <       1.7 


92.8 
92.3 


0.7     >      0.5 


E29.. 


E32..  < 


E33. 


B 
A 


C 
B 


D 
C 


B 
A 


C 
B 


B 

A 


C 
B 


AFTERNOON 


90.8 
87.9 


90.9 
89.1 


2.9    >      1.8 


92.6 
90.8 


94.1 
90.9 


1.8 

< 

3.2 

92.9 
92.6 

93.4 
94.1 

0.3 

> 

-0.7 

94.7 
94.0 

95.3 
93.6 

0.7 

< 

1.7 

96.1 
94.7 

96.7 
95.3 

1.4    = 

= 

1.4 

93.4 
92.0 

94.6 
93.6 

1.4 

> 

1.0 

94.1 
93.4 

95.4 
94.6 

0.7     <      0.8 


ACID   ACCUMULATION    IN    SUCCULENTS  271 

surface,  which  in  the  sahuaro  and  bisnaga  is  approximately  5 
mm.  in  thickness,  so  that  the  cells  of  the  rest  of  the  plant  are 
dependent  for  their  carbohydrate  nutriment  upon  diffusion  and 
conduction  from  the  exterior.  It  seems  logical  to  suppose,  as 
long  as  metabolism  is  continuous  and  no  storing  up  takes  place, 
that  the  further  an  area  is  from  its  source  of  supply  of  sugars  the 
lower  its  concentration  of  sugar  will  be.  And  as  the  sugars  are 
continually  being  broken  down  with  the  production  of  acids  the 
concentration  of  the  latter  will  be  greatest  where  the  sugar 
concentration  is  greatest,  that  is,  near  the  exterior  of  the  plant. 
It  will  be  noticed  in  the  tables  that  the  situation  is  frequently 
reversed  at  the  close  of  the  day,  that  is,  that  the  acidity  is  great- 
est in  the  interior  and  decreases  toward  the  exterior,  this  being 
due  as  explained  above,  to  the  daytime  destruction  of  accumu- 
lated acids.  But  it  is  significant  that  the  nightlj'  accumulation 
of  acid  always  leads  to  a  higher  acidity  of  the  exterior  than  of 
the  interior. 

SmLMARY 

The  acidity  of  the  sap  of  Echinocactus  undizeni  and  Carnegiea 
gigantea  is  higher  in  the  early  morning  than  at  sunset,  the  acids 
formed  in  the  metabolism  of  carbohydrates  tending  to  accumu- 
late during  the  night  and  being  ])artiall\'  destroyed  bj'  higher 
temperature  and  photolj'sis  in  the  succeeiling  daj'.  The  acidity 
of  the  sap  of  these  species  following  the  nightly  accumulation  of 
acid  is  higher  in  the  outer  than  in  the  inner  regions.  This  higher 
acidity  is  probably  resultant  from  a  liigher  concentration  of  sugar 
in  the  out(>r  parts,  that  is,  in  the  region  of  sugar  formation.  The 
diurnal  difference  in  acidity  of  the  sap  becomes  smaller  in  succes- 
sive zones  as  the  center  of  the  plant  is  approached,  being  as  much 
as  50%  in  the  exterior  and  sHght  in  the  innermost  tissues.  In 
the  outer  parts  where  carbohydrates  are  plentiful,  sugar  metabo- 
lism is  great  and  acid  production  and  nightly  acid  accumula- 
tion are  large;  tliese  parts  are  on  the  other  liand  the  most  exposed 
to  the  action  of  light  and  heat,  so  that  tlie  daily  destruction  of 
acid  is  great.  Accordingly  here  diurnal  differences  in  aciditj' 
are  large.     In  the  innermost  tracts  of  tissue  carbohydrates  are 
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less  plentiful,  aciil  productioii  is  corrospondiiifzily  less,  and  the 
increasing  insulation  as  tlie  center  is  apjjroached  tends  to  mini- 
mize diurnal  temperature  and  light  difTereiices,  so  that  in  these 
parts  diurnal  differences  in  acidity  are  small.  The  movement  of 
sap  of  low  acidity  from  the  central  cylinder  to  the  peripheral 
layers  of  thes(>  thick  succulents  has  little  effect  upon  the  acid  con- 
tent of  these  tracts,  while  variations  of  great  ami)litude  result 
from  the  conjoint  action  of  light  and  temperature. 
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(Concluded) 
II. 

Agropyron  spicatum    (including  var.  inerme)    {Fig.  10) 

This  is  the  most  common  bunchgrass  in  eastern  Washington. 
It  has  its  best  development  westward  of  the  high  upland  prairies 
of  extreme  eastern  Washington  antl  along  the  rim-rock  through 
the  eastern  part.  The  bunches  are  often  10  inches  in  diameter 
and  reach  a  height  of  over  3  feet.  As  many  as  300  to  350 
individual  stems  may  occur  in  a  single  bunch.  The  plant 
blossoms  in  June  and  dries  out  in  early  July,  only  to  take  on 
renewed  growth  after  the  autumn  rains,  and  remain  green  all 
winter.  Figure  10  shows  Agropyron  on  the  rim-rock  with  its 
roots  penetrating  the  rock  crevices  to  depths  of  45,  46  and  48 
inches.  Ten  plants  were  examined  under  these  conditions.  The 
roots  of  all  followed  the  cleavage  pianos  of  the  basalt  on  an 
average  to  a  depth  of  4  feet  and  1.3  inches,  l)ut  one  extended 
along  the  deeper  moist  crevices  to  a  depth  of  5  feet. 

In  the  well-developed  highland  i)rairies  the  bunch  habit  is 
partially  abandoned  and  long  rhizomes  are  produced.  The 
clumps  are  always  much  smaller  here,  perhaps  only  a  few  centi- 
meters wide,  but  there  are  usually  as  many  as  5-6  pcM-  sciuare 
meter.  Twelve  prairie  Agropyrona  were  examined.  This  gi'ass 
has  coarser  roots  than  any  of  the  other  three  important  native 
grasses.  These  coarse,  fibrous  roots  have  many  short  laterals. 
Some  of  these  roots  reach  a  depth  of  4  feet  and  9.5  inches,  al- 
though on  an  a\-erage  4  feet  and  2  inches  was  the  greatest  depth 
attained.  Five  plants  on  a  southwest  slope  gave  an  average 
depth  of  4  feet  and  1.(5  inches,  while  seven  on  a  northwest  slope 
reached  an  average  depth  of  only  3  feet  and  2.6  inches. 
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Festuca  oviiui  ingrata  (Fig.  II) 

'Vhv   l)liic    l)uiichp;rass   ranks    in    inipcirtancc    with    Agropyron 
spicatitin  on  the  wcll-developod  hiiih  prairies  west  of  tlio  foothills 


Fig.  10.  Ayropyron  spicalum  growing  on  tlic  rini-rock  and  securing  its  water 
supply  from  the  moist  rook  crevices  of  the  broken  basalt. 

of  the  Bitter-root  ^Tountains  between  Spokane,  Washington, 
and  Lewiston,  Idaho.  Because  of  its  abundance  (often  10-13 
bunches  per  square  meter),  the  very  appropriate  name  Palouse 
(Fr.  Pelouse,  a  land  clothed  with  a  sliort.  thick  growth  of  herbage) 
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was  early  applied  to  the  region.  The  slightly  pale  green  plants 
are  densely  tufted  into  bunches  from  1  to  4  inches  in  diameter, 
and,  while  the  numerous  setaceous  leaf  blades  are  mostly  basal 
and  about  12  inches  high,  the  stems  which  bear  flowers  reach  a 
height  of  12  to  IS  inches.  The  whole  plant  dries  out  considerablj^ 
by  the  middle  of  July,  but  the  autunm  rains  revive  it,  and  it  is 
green  throughout  the  rest  of  the  year. 

Festuca  ovina  has  a  great  mass  of  jet  black  roots  which  occupy 
the  soil  thoroughly  from  the  surface  to  a  depth  of  about  18  inches, 
below  which  depth  relatively  few  roots  extend.  None  of  the 
roots  are  over  one  millimeter  in  diameter.  They  branch  pro- 
fusely to  the  third  order  mosth^  and  the  laterals  are  usually 
less  than  an  inch  in  length.  This  branching  continues  to  the 
very  tip,  and  there  the  laterals  are  usually  longer.  Twenty- 
two  plants  were  examined.  The  longest  root  found  was  3  feet 
and  3  inches,  the  average  length  2  feet  and  1.5  inches  for  the 
deepest  roots,  but  the  great  bulk  of  roots  were  less  than  18  inches 
long.     All  the  plants  examined  were  on  a  southwest  slope. 

Poa  sandbergii  (Fig.  11) 

Sandberg's  Poa  is  one  of  the  earhest  plants  to  gain  a  foothold 
upon  the  thin  rocky  soil  of  the  scab-lands,  and  along  the  rim- 
rock.  It  grows  in  small  tufts  usually  only  from  0.5  to  1.5  inches 
wide,  puts  out  new  roots  when  the  fall  rains  begin,  grows  through- 
out the  winter  and  spring,  and  evades  drought  by  flowering  late 
in  May  or  in  early  June,  and  remaining  dormant  the  rest  of  the 
growing  season.  On  the  prairies  it  is  an  interstitial  plant,  often 
as  many  as  30-40  small  tufts  occurring  in  a  single  square  meter 
on  the  dry  south  slopes. 

Poa  has  smaller  roots  than  Festuca  ovina  ingrata,  they  are 
more  profusely  branched,  and  tlie  fine  laterals  w^hich  are  short 
(usually  less  than  1  inch)  are  more  numerous,  smaller,  and  much 
more  branched.  The  creamy-white  roots  spread  laterally  3  to 
5  inches  and  occupy  thoroughly  the  first  few  inches  of  soil, 
relatively  few  extending  below  a  depth  of  8  inches,  and  none  were 
found  beyonfl  13  inches.     The  root  branches  are  longer  and  more 
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numerous  at  the  tip  than  are  those  of  Fesluca.  Poa  roots  branch 
to  the  fourtli  onlor.  Six  plants  were  examined  on  the  rim-roek 
with  an  iivorag(>  root  doptli  of  7.2  inches.  ]'>ight  prairie  spe- 
cies of  Poa  growing  on  a  southwest  slope  gave  an  average  maxi- 

iiniiu  (lopth  of  9.7  inches. 


Fig.  11.  Tlirce  imporant  prairie  grasses.  Kockrin  cristata  (to  the  left), 
Fesluca  ovina  ingrata  (center),  and  Poa  sandbergii.  -\11  are  relatively  shallow 
rooted. 

Koeleriu  cristata.     (Fig.  11) 

This  is  a  very  common  bunchgrass  on  the  prairies  of  eastern 
Washington,  not  infrcquentl}^  occurring  as  abundantly  as  6 
clumps  per  square  meter.  However,  the  bunches  are  smaller 
in  diameter  fO.5  to  2  inches,  usually)  than  those  of  Festuca  ovina 
ingrata,  and  also  of  less  height  (1-2. .3  feet)  than  Agropyron 
spicaliim.  Kodcria  flowers  in  late  June  or  early  July  and  like 
Pon  cemains  dormant  until  revived  l)y  tlic  autumn  rains. 
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The  roots,  which  are  a  dirty-gray  in  color,  resemble  those  of 
Agropyron  but  taper  down  faster,  and  have  finer  laterals  which 
branch  mostly  to  the  third  order.  These  laterals,  like  those  of 
the  shallow  rooted  Poa,  are  more  numerous  than  in  Agropyron. 
SLx  plants  were  examined.  The  deepest  root  found  was  at  28 
inches,  and  15  inches  was  determined  as  the  average  maximum 
depth. 

BaUamorhiza  sagittata  (Fig.  12) 

The  balsam  root  is,  with  the  exception  of  Agropyron  spicatum 
and  Festuca  ovina  ingrata,  the  most  characteristic  plant  of  the 
high  prairies  of  eastern  Washington.  Its  abundance,  size,  and 
duration  all  unite  to  make  it  a  very  important  ecological  species. 
It  is  not  unusual  to  find  a  dozen  of  these  plants  in  an  area  of 
4  square  meters.  Only  on  the  steeper  northeast  slopes  and  wet 
valleys  is  it  absent.  A  medium  sized  mature  plant  occupies 
an  area  of  4-5  square  feet,  may  have  as  many  as  50-80  of  the 
large  sagittate  leaves,  and  a  total  leaf  surface  of  30  square  feet. 
From  the  short,  thick,  multicipital  stem  (I  have  counted  39 
individual  shoots  on  a  stem  9  inches  in  diameter)  the  new  leaves 
appear  in  X\m\.  By  the  first  of  May  the  plant  is  often  in  full 
bloom  and  is  the  most  conspicuous  member  of  the  vternal  aspect 
which  lasts  until  about  June  1st.  After  this  the  whole  aerial 
part  dries  up,  but  the  dead  leaves  are  conspicuous  throughout 
the  year. 

Twenty-five  root-systems  were  excavated  and  examined. 
Balsamorhiza  has  a  tap  root  sometimes  reaching  a  diameter  of 
4  inches  and  an  extreme  depth  of  8  feet  and  10  inches.  The 
laterals  seldom  come  off  in  the  first  6  inches  of  soil,  but  below 
this  numerous  strong  laterals  occur,  sometimes  1  inch  or  more  in 
diameter,  and  these  often  run  rather  horizontally  for  2  or  3  feet 
before  they  turn  downward.  They  may  ultimately  reach  depths 
of  5  feet  or  more.  The  lateral  branching  is  profuse,  and  in  all 
directions  the  soil  is  laid  hold  upon.  Sometimes  the  tap  splits 
up  into  nearly  equal  parts  at  a  depth  of  a  few  feet.  The  tij)  of 
the  tap  root  is  often  dead,  and,  if  ahve,  never  much  branched. 
Small  branch  orders  near  the  tip  arc  not  abundant.     The  older 
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part  of  the  root  especially  is  covered  with  a  deeply  furrowed 
bark.  These  furrows  in  old  roots  are  sonietirnes  0.5  inch  deep. 
The  taste  is  characteristic,  and  a  balsani-likc  substance  exudes 
from  the  old  roots  when  injured.  Five  feet  and  (i.l  inches  was 
determined  as  the  average  root  depth.  Nine  plants  on  a  south- 
west slope  gave  an  average  depth  of  5  feet  and  1.5  inches;  fourteen 
on  a  northwest  slope,  5  feet  and  9.8  inches,  and  two  on  a  north- 
east slope,  5  feet. 


I'Ir.  12.  Two  roots  of  Balsdmorhtza  sayittala  partially  uncovered  and  photo- 
graphed in  place.     Xote  the  deeply  furro\ve<l  bark  and  extensive  system  of  laterals. 

Geranium  viscosissimum  (Geranium  incisum)  (Fig.  13) 

Just  as  Balsamorhiza  is  characteristic  of  dry  slopes,  so  Geranium 
is  found  most  abundantly  on  moist  northeast  hillsides  and  in 
the  valleys.  It  seldom  occurs  abundantly  on  exposed  hillsides. 
Geranitmi  is  a  large  plant  reaching  a  height  of  from  20  to  30 
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inches,  with  a  wide  spreading  top  which  often  covers  an  area  of 
4  to  5  square  feet.  It  begins  blossoming  in  late  IVIay  or  early 
June,  and  its  large  red  flowers  (sometimes  as  many  as  80  to  100 
in  bloom  at  one  time  on  a  single  plant)  are  conspicuous  in  the 
estival  aspect  especiallj'  of  moist  situations.  By  the  second 
week  in  July  blossoming  ceases,  but  the  plant  often  remains 
green  till  late  into  the  summer,  if  not  all  fall. 

Geranium  has  a  well-developed  tap  root  which  may  reach 
three  inches  in  diameter.  It  is  often  more  or  less  decayed  and 
may  split  up  into  two  or  more  parts,  thus  giving  rise  to  new 
plants.  The  tap  sends  off  many  laterals  both  large  and  small 
at  all  levels,  all  of  which  may  branch  profusely  to  the  fifth  order. 
The  larger  laterals  usually  run  off  in  a  horizontal  direction,  some- 
times for  nearly  3  feet  before  turning  downward.  The  end  of  the 
tap  root  is  either  unbranched  or  branched  but  little,  and  is  often 
dead.  The  bark  is  reddish  and  scaly  on  the  older  parts.  Hard 
soil  seems  to  be  a  marked  limiting  factor  to  root  growth,  and 
under  this  condition  especially  the  usual  very  irregular  course 
of  descent  is  greatly  emphasized.  Twenty-four  root-systems 
were  examined.  The  greatest  root  depth,  9  feet  and  6  inches, 
was  reached  on  a  northwest  slope,  and  an  average  depth  of  5  feet 
and  3.4  inches  was  determined.  Thirteen  plants  on  a  northeast 
slope  gave  an  average  root  depth  of  4  feet  and  8.1  inches,while 
eleven  on  a  northwest  slope  reached  an  average  depth  of  6  feet 
and  0.2  inch. 

Wyethia  amplexicaulis  (Fig.  14) 

The  black  sunflower,  at  home  in  the  moist  meadows,  also  often 
occurs  on  rather  dry  hillsides.  Like  Balsamorhiza,  it  is  large  and 
abundant  and  of  considerable  duration,  being  conspicuous  even 
after  drying  out,  but,  unlike  it,  its  distribution  on  the  high 
prairies  is  local  and  patch}-.  When  we  recall  that  a  singl<> 
plant  may  have  from  14  to  31  leaves,  each  from  3  to  5  inches  in 
greatest  diameter  and  from  13  to  17  inches  in  length,  the  enor- 
mous transpiring  surface  may  be  realized.  This  shiny,  resinous, 
dark  green  plant  blossoms  during  the  last  week  of  May  or  the 
first  week  of  June  and  rapidly  dries  up   in  early  Jul.\-.     "^fhe 
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numerous  large  yellow  flowers  2.5-3  inches  in  diameter  make 
these  societies  very  conspicuous. 

The  flesliy  iiip  root  sometimes  measures  9  inches  in  circum- 
ference and  may  reach  a  depth  of  6  feet  and  5  inches.  It  usually 
has  several  strong  laterals  which  come  off  from  8  inches  to  3  feet 
in  depth,  and  may  run  out  in  a  somewhat  horizontal  direction 


Fig.  13.  Fig.  14. 

Fig.  13.  Geranium  viscosissimum.  The  crown  is  partly  decayed.  The  roots 
are  so  brittle  that  they  are  removed  from  the  soil  with  extreme  difficulty.  Five 
hours  were  spent  in  securing  the  above  specimen. 

Fig.  14.  Two  roots  of  the  black  sunflower,  Wyethia  amplexicaulis.  Note  the 
numerous  short  laterals. 

for  3  or  4  feet  from  the  main  root.  Sometimes,  however,  only  a 
single  lateral  occurs.  Often  at  a  depth  of  1-3  feet  the  whole  tap 
breaks  up  into  2-5  nearly  equal  parts  which  jiursue  a  downward 
course,  or  later  extend  out  as  laterals.  Primary  laterals  are  not 
much  branched.  The  whole  root  from  crown  to  near  the  tip 
is  covered  with  scattered  small  laterals  usually  not  over  2  milli- 
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meters  in  diameter.  These  are  poorly  branched,  not  often 
giving  off  roots  of  the  fourth  order.  The  tip  of  the  main  root 
Iikewi.se  is  little  branched.  The  roots  are  black  externally, 
grayish  inside,  have  a  characteristic  odor,  and  dry  out  and 
shrink  rapidly  upon  removal  from  the  soil.  Eighteen  plants  on 
a  northeast  slope  were  examined.  They  had  an  average  root 
depth  of  5  feet  and  0.4  inch. 

Heuchera  glabella 

This  plant,  so  characteristic  of  the  rim-rock  crevices  especially 
on  the  more  moist  exposures,  also  occurs  rather  frequently 
(often  2  or  3  per  square  meter)  on  moist  slopes  in  the  prairie. 
The  tufted  radical  leaves  mostly  remain  green  all  winter.  It 
belongs  to  the  estival  aspect.  An  examination  of  seven  plants 
gave  an  average  root  depth  of  5  feet  and  1.4  inches.  One  root 
reached  a  depth  of  5  feet  and  11  inches.  The  strong  tap  is 
triangular  in  section  near  the  top  and  often  retains  this  shape 
to  a  depth  of  2  feet.  The  laterals,  which  are  quite  numerous, 
usually  come  off  in  the  first  foot  of  .soil.  The  root-system  as  a 
whole  is  poorly  branched,  even  the  root  tips  are  poorly  supplied 
with  branches. 

Leptotaenia  multifida 

This  large,  much  branched,  umbelliferous  plant  occurs  quite 
commonly  on  both  dry  and  moist  hillsides.  The  great  ternately 
decompound,  pinnatifid  leaves,  together  with  the  main  stems 
which  stand  up  well  above  other  prairie  vegetation,  are  very 
conspicuous  even  when  the  plants  are  not  abundant,  and  especi- 
ally so  in  June,  when  after  flowering,  the  leaves  turn  yellow  be- 
fore drying  up. 

P^ourtcen  root-systems  were  examined,  mainly  incidentally 
while  excavating  other  roots.  These  large  fleshy  roots  are  some- 
times 7  inches  in  circumference  and  may  reach  a  depth  of  5  feet 
and  7  inches.  The  fusiform  roots  may  narrow  down  gradually 
or  rather  abruptly,  even  to  a  diameter  of  one  or  two  millimeters 
and  then  again  enlarge  at  a  greater  depth  to  a  size  equalling  the 
original.     This  is  sometimes  repeated  several  times,  thus  giving 
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the  root  as  a  whole  a  beaded  appearance.  In  general  the  roots 
are  very  poorly  branched.  Ten  plants  on  a  northwest  slope 
gave  an  average  depth  of  3  feet  and  11.3  inches,  while  five  on  a 
northeast  slope  reached  an  average  depth  of  4  feet  and  0.7  inches, 
thus  giving  a  total  average  root  depth  of  4  feet  and  0.7  inch. 

Helianthella  douglasii  {Fig.  15) 

This  and  the  following  composite  are  both  important  and 
abundant  prairie  species.  They  occur  typically  on  dry  hill- 
sides, often  as  many  as  2-8  per  square  meter.  AVhile  Heliau- 
thella  adds  much  to  the  cstival  prairie  aspect,  with  its  large  yellow 
flowers,  its  blossoming  period  is  well  past  when  Hoorebekia 
racemosa  comes  into  bloom  in  late  July.  The  latter  is  one  of  the 
few  .species  giving  tone  to  a  poorly  defined  autumnal  aspect. 

HeUantliclla  has  a  tap  root  with  a  diameter  seldom  more  than 
0.8  inch.  It  throws  out  many  big  laterals  just  beneath  the  sur- 
face, most  of  which  come  off  within  the  fir.st  18  inches  of  soil, 
although  there  are  some  lower,  and  a  cone  maj'  be  formed  all  the 
way  to  the  tip.  The  laterals  usually  pursue  rather  a  vertically 
downward  course,  and  are  profusely  branched.  Helianthella 
branches  more  at  the  tip  than  does  Hoorebekia,  and  it  also  throws 
out  more  laterals  than  that  species.  The  roots  are  reddish- 
brown  in  color,  those  of  Hoorebekia  are  white.  They  have  a 
strong,  characteristic  odor,  and  an  oily  taste  slightly  resembling 
carrots.  By  these  characters  it  is  easy  to  distinguish  Helian- 
thella roots  from  others.  Twenty  plants  were  examined.  An 
average  depth  of  4  feet  and  4.5  inches  was  found;  the  deepest- 
rooted  plant  exceeding  this  by  only  12.5  inches.  Six  plants 
on  a  southwest  slope  gave  an  a\-erage  root  depth  of  4  feet  and 
4  inches;  five  on  a  northeast  slope  4  feet  and  8.6  inches;  and  ten 
on  a  northwest  slope  4  feet  and  7.1  inches. 

Hoorebekia  (Aplopapptis)  racemosa  (Fig.  16) 

Thirty-four  plants  were  examined.  'J'he  deepest  roots  reached 
7  feet  and  7  inches,  and  11  feet  respectively,  but  the  average 
depth  was  5  feet  and  5  inches.     Hoorebekia  has  a  strong  tap  root 
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which  tapers  gradually  to  the  end.  The  larger  laterals  (if  anj-) 
are  often  thrown  off  within  the  first  18  inches  of  soil.  These  are 
branched  to  the  third  order,  and  may  run  off  in  a  rather  hori- 
zontal direction.  The  tap  grows  directly  downward  and  is 
sparingly  branched  all  the  way  to  and  at  the  tip.  The  main 
root  is  not  usually  more  than  0.5  inch  in  diameter.  It  changes 
in  color  from  light  yellowish  near  the  surface  to  nearly  white 
below  three  feet.  It  has  a  sharp  bitter  taste  and  lacks  the  odor 
so  characteristic  of  HeliantheUa  roots.  Twelve  roots  on  a  north- 
east slope  averaged  5  feet  and  3.4  inches  in  depth;  twelve  on  a 
southwest  slope  5  feet  and  4  inches ;  and  ten  on  a  northwest  slope 
5  feet  and  8.2  inches. 

Lithospermum  mderale 

These  plants  occur  as  isolated  indi\'iduals,  but  their  large 
size,  densely  tufted  leaves,  and  numerous  if  not  showy  flowers, 
make  them  conspicuous  objects  in  the  bunchgrass  association 
of  the  rim-rock  as  well  as  in  the  prairie. 

Fi\-e  root-systems  were  examined.     The  large  tap  roots,  from 

3  to  10  inches  in  cu'cumference,  give  promise  of  deeper  root- 
systems  than  are  actually  attained.  Only  one  plant  reached 
a  depth  of  6  feet  and  3  inches,  and  the  average  depth  was  only 

4  feet  and  10.3  inches.  Large  laterals  were  sent  off  from  the 
main  root  at  various  depths  from  1  to  2  feet.  These  ran  hori- 
zontally several  feet  before  turning  downward.  One  main  root 
curved  and  twisted  a  great  deal  finally  cmling  3  feet  northwest 
of  the  place  where  it  started.  The  tip  of  the  largest  root  examined 
had  decayed.  These  roots  have  a  very  thick  cortex,  which  sepa- 
rates easily  from  the  stele.  The  outer  part  of  the  cortex  is  bright 
reddish  especially  on  the  parts  below  1  foot.  The  old  root  bark 
is  shreddy  and  gray,  but  firm.  A  peculiar  taste  and  odor 
characterize  these  roots.  Two  p'ants  on  a  northwest  slope  each 
reached  a  depth  IG  inches  greater  tlian  any  examined  on  north 
or  south  slopes. 
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Sieversia  ciliata 


The  soft  hairy,  tufted,  radical  leaves  of  Sieversia  often  remain 
gnM>n  throughout  the  winter.  The  simple  erect  stems  reach  a 
height  of  12-18  inches  and  bear  their  blossoms  in  late  May  or 
(!arly  June,  while  in  late  July  or  the  first  of  August  the  aerial 
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Fig.  15.  Fig.  16. 

Fig.  15.  Root-system  of  Ilelianthella  douglasii.  It  may  be  noted  that  the  tap 
root  was  decayed. 

Fig.  10.  Iloorchekia  racemosa.     This  specimen  had  no  large  laterals. 

plant  parts  largely  dry  up.     This  is  a  common,  abiyidant,  and 
cosmopoUtan  prairie  species. 

Few  roots  of  Sieversia  penetrate  beyond  depths  of  ri  feet  and 
6  inches.  It  sends  out  as  many  as  20-30  roots  from  a  single 
inch  of  its  thick  rootstock.  None  of  these  roots  are  over  3-4 
millimeters  in  diameter.     They  pursue  a  vertically  downward 
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course  and  branch  profusely  all  the  way  to  the  tip,  sending  off 
laterals  seldom  over  3  inches  long  but  branched  to  the  fifth 
order.  The  roots  are  jet  black.  Eleven  plants  were  examined 
on  a  northeast  slope  and  an  average  root  depth  of  4  feet  and  8.6 
inches  was  determined. 

Sidalcea  oregana 

This  mallow  is  confined  to  north  hillsides  and  low  ground. 
^Miile  much  less  abundant  than  Geranium  viscosissimum ,  it  is 
similar  in  habit  in  exposing  a  great  number  of  large  leaves. 
This  plant  may  reach  a  height  of  over  3  feet.  It  blossoms 
later  than  Geranium  but  hke  it  retains  green  foliage  until  frost. 

Only  two  root-systems  were  examined.  In  both  numerous 
strong  laterals  were  thrown  off  within  4  inches  of  the  surface. 
At  24  inches  the  tap  broke  up  into  three  nearly  equal  parts,  the 
largest  and  longest  part  reaching  a  depth  of  only  3  feet  and  1 
inch.  The  other  plant  reached  a  depth  of  4  feet  and  1  inch. 
Sidalcea  roots  cannot  easily  be  confused  with  others  for  they 
send  off  small  laterals  in  groups  ranging  from  3  to  8  in  a  group. 
This  is  most  pronounced  in  the  older  parts  of  the  roots.  Often 
where  a  big  lateral  comes  off  one  or  more  little  ones  originate 
with  it.  These  groups  of  small  laterals  are  usually  less  than  2 
inches  in  length. 

Hieracium  scouleri  (Fig.  17) 

The  Hawkweed,  with  its  densely  hairy  clusters  of  basal  leaves, 
and  its  similar!}'  leaden  colored  caulino  leaves  and  stems  reaches 
a  height  of  about  two  feet.  The  rather  small  yellow  flowers 
appear  late  in  June  and  blossoming  continues  until  August, 
even  after  the  basal  leaves  have  dried  and  turned  brown.  It 
is  an  important  prairie  species. 

Twenty-six  root-systems  were  examined.  Thej^  gave  an 
average  depth  of  5  feet  and  4.3  inches.  Hieracium  sends  out 
numerous  roots, — as  many  as  50  from  a  single  inch  of  its  corymb — 
which  in  turn  is  from  8-12  inches  long.  None  of  the.se  roots 
are   over  3   millimeters   in   diameter.     They   pursue   a   nearly 
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vertically  downward  course  and  throw  off  practically  no  laterals, 
except  when  they  enter  earthworm  holes.  Here,  strong  laterals 
equaling  tlie  main  root  in  diameter,  are  tlirown  off  and  run 
parallel  with  it  in  the  hole  a  foot  or  two  or  further.  All  give  rise 
to  abundant  root  hairs  and  it  is  seldom  that  these  roots  again 
enter  the  soil.  The  main  root  may  branch  very  profusely  or  very 
little  (in  hard  soil)  at  the  tip.  These  light-cream-colored  roots 
are  very  brittle  but  are  easy  to  follow  because  of  their  latex. 
The  acrid  taste  also  is  very  characteristic  and  this  character  was 
sometimes  used  to  distinguish  Hieracium  roots,  especially  near 
the  tip  where  the  latex  is  less  abundant.  The  longest  root 
reached  a  depth  of  7  feet  and  9  inches.  Fifteen  plants  on  a 
northeast  slope  gave  an  average  depth  of  5  feet  and  2.8  inches; 
five  on  a  southwest  slope  5  feet  and  3.4  inches;  and  six  on  a  north- 
west slope  5  feet  and  8.8  inches. 

Poteniilla  blaschkeana 

This  very  common  prairie  plant  occurs  in  all  situations,  but 
shows  a  decided  preference  for  the  more  moist  conditions.  A 
few  new  leaves  may  appear  in  the  fall,  but  the  plant  starts  re- 
newed growth  early  in  Ajjril.  It  blossoms  in  late  May  and  dries 
out  during  July  or  .Vugust,  depending  upon  the  environmental 
conditions. 

The  tufted  stems  are  borne  on  a  short,  thick  crown  from  which 
several  (2-5)  main  roots  originate.  These  average  about  7 
millimeters  in  diameter.  They  taper  off  gradually  till  at  about 
two  feet  in  depth  they  are  often  only  2  millimeters  in  diameter. 
Here  they  usually  branch  dichotomously,  and  again  branching 
break  up  into  numerous  small  roots — mere  hairs — which  have 
a  strong  tendency  to  grow  in  earthwonn  holes.  These  they 
follow  for  two  feet,  perhaps,  before  entering  the  soil  again. 
In  these  holes  they  give  off  many  threadlike  branches  which 
follow  down  the  same  hole  branching  profusely,  and  often  never 
re-entering  the  soil.  The  roots  are  dark  brown  in  color.  They 
are  unbranched  or  verj^  poorly  branched  at  the  tip.  Thirty 
root-systems  were  examined.     Three  of  the  longest  roots  pene- 
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trated  to  depths  of  6  feet  and  9  inches;  7  feet  and  5  inches;  and  7 
feet  and  5  inches  respectively.  The  average  depth  was  found  to 
be  5  feet  and  1.8  inches.  Twelve  plants  on  a  northeast  slope 
gave  an  average  root  depth  of  4  feet  and  11.2  inches,  while  17  on 
a  northwest  slope  reached  an  average  depth  of  5  feet  and  4.3  inches. 


Fig.  17  Fig.  18 

Fig.  17.  This  shows  the  numerous  roots  sent  out  from  the  corymb  of  Hierachtm 
scouleri.    The  total  length  of  only  one  root  is  shown. 

Fig. 18.  Eriogonum  heracleoides  from  the  rim-rock.  A  single  branch  of  tlic 
large  mat  is  shown  just  above  the  meter  stick.  Note  the  adventitious  roots. 
Only  a  small  part  of  the  complete  root-system  is  shown  in  the  figure. 


Eriogonum  heracleoides  (Fig.  18) 

This  plant  seldom  occurs  except  on  the  very  driest  ridges  of 
high  basaltic  prairies,  but  is  a  very  important  ecological  species 
upon  the  rim-rock  and  in  the  bunchgrass  association.  The 
great  mats  often  cover  an  area  of  2-3.5  square  feet  and  the 
prostrate  branches  with  their  adventitious  roots  serve  both  to 
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anchor  the  plant  in  place  and  lay  hold  upon  the  moisture  of  the 
superficial  soil  layers.  It  is  a  notable  fact  that  the  Eriogonums 
(including  E.  compositum  and  E.  nivcum)  blossom  and  appear 
to  thrive  when  most  other  plants  of  the  rim-rock  have  long  since 
dried  out.  This  is  explained  in  part  by  their  extensive  root- 
systems,  of  which  the  one  shown  in  the  figure  will  be  described. 
A  few  others  were  excavated  as  checks. 

The  strong,  woody,  tap  root  1  inch  in  diameter  broke  up  at  a 
depth  of  6  inches  into  seven  nearly  equal  laterals;  only  about 
one-foiu'th  of  the  old  tap  root  is  shown  in  the  figure.  One  of 
these  laterals  extended  a  distance  of  13  feet  and  6  inches  as 
measured  in  a  direct  line  from  the  plant,  but  had  an  actual 
length  of  14  feet  and  3.6  inches.  It  tapered  off  gradualh^ 
throwing  off  both  large  and  small  laterals  which  branched  to  the 
fifth  order.  Upon  leaving  the  'main  tap  it  ran  along  in  very 
shallow  soil  for  7  feet  and  6  inches  before  turning  down  in  the 
rock  crevices,  where  it  followed  a  very  devious  route  dipping 
up  and  down  more  than  a  foot,  and  branching  profuseh-  to  the 
tip. 

Some  examinations  were  also  made  of  the  roots  of  Rosn  mit- 
kana,  and  Syinphoricarpos  racemosus,  both  very  common  in 
nearly  all  prairie  situations.  They  were  found  extending  to 
depths  of  from  6  to  over  8  feet.  Iris  missouriensis  roots  pene- 
trated the  soils  of  dry  hillsides  to  3  feet  and  10  inches,  and  Ber- 
beris  repens  to  a  depth  of  over  10  feet.  The  orange-yellow 
roots  of  the  latter,  arising  from  the  great  system  of  horizontal 
stems  on  the  rim-rock  (where  it  often  forms  societies),  resemble 
Eriogonum  hcraclcoides  in  their  abundant  laterals  and  in  the 
devious  route  they  pursue  in  following  the  basaltic  crevices. 

Likewise,  two  species  of  Lomatium,L.  grayi  and L.  macrocarpum, 
both  abundant  on  thin  soils,  were  examined.  The  long,  fleshy, 
poorh^  branched  taps  are  iisualh'  flattened,  folded,  and  twisted 
as  they  crowd  into  the  narrow  crevices  of  the  rock  to  depths  of 
3  to  5  feet  or  more.  On  the  other  hand.  Polygonum  majus, 
growing  with  Poa  on  thm  stony  soil,  has  a  shallow  but  well  de- 
veloped root-system.  The  tap,  seldom  over  6.5  inches  long 
(and  usually  less),  sends  off  laterals  profusely.     In  spite  of  the 
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small  leaf  surface  of  this  knot-grass,  it  has  always  been  a  puzzle 
to  the  writer  how  the  plant  could  keep  alive  and  even  thrive  and 
blossom  abundantly  from  July  to  October  upon  the  parched  soils 
of  the  rim-rock. 

DISCUSSION   AND  CONCLUSIONS 

The  most  obvious  result  of  a  consideration  of  these  data  is  the 
fact  that  the  response  of  the  plant  to  these  severe  environmental 
conditions  is  met  by  well-developed  and  extensive  root-systems. 
For  just  as  the  evaporating  power  of  the  air  and  the  nature  of 
the  transpiring  organs  determine  the  water-requirements  of 
plants,  hkewise  the  soil  water  and  the  nature  of  root-systems 
determine  the  water  supply.  It  is  interesting  to  note,  however, 
that  while  the  condition  of  hght  summer  rainfall  is  quite  un- 
favorable for  shallow-rooted  grasses,  still  three  of  the  most 
important  prairie  grasses  are  shallow-rooted.  Of  these  Poa 
sayulbergii  is  the  first  to  appear  on  the  thin  soils  of  the  rim-rock 
and  scab-land,  where  the  underlying  rock  is  little  broken.  In 
the  prairie  it  is  an  important  interstitial  plant.  It  is  only  in  the 
deep  soils  of  the  prairies  that  the  shallow-rooted  Koeleria  cristata 
and  Festuca  ovinn  ingrata  play  their  important  role.  The  water- 
retaimng  capacity  of  the  soils  certainly  favors  these  shallow- 
rooted  species.  On  the  other  hand,  the  deep-rooted  Agropyron 
spicatum  early  assumes  importance  as  a  crevice  plant  where 
sufficient  cleavmg  of  the  rock  has  occurred.  Indeed,  from  then 
on  it  becomes  dominant  in  the  bunchgrass  association,  where 
the  soils  of  only  a  few  inches  depth  overlie  more  or  less  decom- 
posed basalt.  In  the  prairie  it  is  one  of  the  facics,  but  under 
the  new  substratum  conditions  it  partly  abandons  the  bunch 
habit  and  may  become  more  or  less  of  a  sod  former.  However,  a 
discussion  of  the  relation  of  root-systems  to  succession  had  best 
be  considered  at  another  time. 

While  the  purpose  of  this  study  was  not  to  arrive  at  a  classi- 
fication of  root-systems,  it  is  instructive-  to  note  that  according 
to  the  types  of  root-systems  as  set  forth  l)y  ( 'auuon,*  all  the  roots 

'Cannon,  W.  A.  The  Root  Habits  of  Desert  Plants,  Carnegie  Inst.  Wash. 
Publ.  131.  P.  87,  1911.  See  also  Von  .\ltcn,  Hennanii,  Wurzel-studien.  Bot. 
Zeit.  67:  17.3-200,  1909. 
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here  described  (with  the  possible  exception  of  LepU)iaenia  muUi- 
fida)  fall  uiKler  the  generalized  class.  By  a  Ronoralized  root- 
system  is  meant  one  that  has  both  the  tap  and  the  laterals  well 
developed.  They  penetrate  deeply  and  reach  out  widely.  In 
contrast,  the  specialized  root-system  has  either  the  tap  root  as 
the  chief  feature,  or  the  laterals  are  placed  near  the  surface,  and 
especially  well  developed,  as  in  cacti.  The  generahzed  type  of 
root  is  much  more  plastic  and  consequently  reacts  to  a  wider 
range  of  conditions  than  does  the  specialized  type. 

In  considering  the  question  of  the  susceptibility  of  roots  to 
modification  through  variation  in  the  soil  texture  or  its  water 
content,  as  against  the  conservative  inheritance  tendencies,  table 
(S  is  instructive. 

TABLE  6 
Average  root  depths  of  plants  on  different  slopes 


Lupinus  ornatus 

Lithospermum  ruderale. . 
Potcnlilla  blaschkeana. . . 
Geranium  viscosissimum 
Hoorebekia  racemosa. . . . 

Hieracium  scouleri 

Helianlhella  douglasii. .  . 
Balsamorhiza  sagiltata.  . 
Leptotaenia  multifida  — 
Agropyron  spicatum 


S.  W.  SLOPE 


N.  E.  SLOPE 


inches 

72.1 


64,0 
62.8 
52.0 
61.5 


inches 

71.0 
48.7 
59.2 
56.1 
63.4 
63.4 
55  6 

54.7 
49.6 


N.  W.SLOPE 


inches 
128.4 
74 .5 
64.3 
72.2 
68.2 
66.8 
55.1 
69.8 
47.3 
38.6 


It  appears  that  the  root  lengths  on  northeast  and  southwest 
slopes  are  about  the  same  and  that  the  marked  environmental 
differences  play  little  part  in  determining  root  depth.  However, 
the  writer  is  of  the  opinion  that  the  hard  soil  on  dry  southwest 
slopes  is  a  limiting  factor  to  root  growth.  When  we  note  the 
greater  root  development  on  the  northwest  slope,  which,  as  has 
already  been  pointed  out,  combines  a  porous  moist  soil  with 
rather  extreme  xerophytic  above-ground  conditions,  this  con- 
clusion would  seem  to  be  warranted,  although  the  evidence 
of  Leptotaenia  and  Agropyron  is  to  the  contrary.    But  more  data, 
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both  experimental  and  from  field  observations,  are  needed  in  this 
and  other  regions  before  this  question  can  be  answered.  The 
illogical  neglect  of  most  ecologists  in  not  working  in  this  interest- 
ing field  is  to  be  deplored.  However,  we  must  not  overlook  the 
fact  that  the  real  solution  of  the  problem  of  adaptation  to  environ- 
ment will  be  solved  only  when  the  extent  and  character  of  both 
absorbing  and  transpiring  parts  of  plants  are  studied  and  cor- 
related. The  writer  has  under  way  an  investigation  of  the 
ecological  anatomy  of  the  leaves  of  the  plants  mentioned  in  this 
paper,  together  with  the  extent  of  the  transpiring  surface. 

Cannon  {loc.cit.)  points  out  that  for  desert  plants  having  gener- 
alized root-systems  it  is  probable  that  the  penetration  of  the  roots, 
the  character  of  the  soil  permitting,  is  equal  to  the  penetration 
of  rains;  also  that  "the  generalized  roots  are  often  extremely 
variable,  ranging  from  a  pronounced  tap  root  to  a  marked  develop- 
ment of  laterals,  dependent  upon  soil  characters  and  water 
relations."  No  such  marked  changes  as  these  were  discovered, 
although  since  the  variation  in  the  branching  habit  is  a  matter 
of  degree  rather  than  kind,  it  would  be  difficult  to  express 
the  differences  in  exact  terms  if  indeed  these  differences  had 
been  noticeable.  However,  the  roots  of  several  species  showed 
a  marked  increase  in  their  output  of  branches  upon  leaving  the 
compact  soil  and  entering  earthworm  burrows.  In  practically 
all  cases  the  root  tips  under  such  conditions  were  aUve  and  at 
least  well  covered  with  root  hairs,  while  in  the  more  compacted 
soils  of  dry  slopes  especially,  the  root  tips  were  often  dead  and 
decayed.  The  cause  of  these  differences  is  yet  to  be  determined. 
The  differences  may  be  due  to  the  mechanical  resistance  offered 
by  the  soils,  or  to  changed  conditions  of  aeration,  or  perhaps  to 
both  factors  acting  together. 

These  findings  of  great  root  depths,  correlated  with  deep  soil 
moisture,  bear  out  Cannon's  suggestion  of  the  probability  that 
the  longest  or  the  most  deeply  penetrating  roots  are  found,  not  in 
deserts,  but  where  there  is  considerable  rainfall,  and  wIkm-c  the 
penetration  of  rain  is  considerable  and  the  water  table  relatively 
deep.  It  may  be  noted  here,  by  way  of  comparison,  that  Andro- 
pogon  scoparius  at  Manhattan,  Kansas,  penetrates  the  soil  to 
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6  or  8  feet,"  while  Ten  Eyck  has  shown  that  at  the  same  station 
Andropogon  furcaluH  reaches  (loi)ths  of  4.5-6.5  feet.'"  Likewise, 
Shantz''  in  his  extensive  studies  on  the  Great  Plains,  has  shown 
that  the  Prairie  grass  formation  (characterized  by  the  deep- 
rooted  Andropogon  scoparius,  A.  halli,  Psoralq,a  tenmflora, 
Rcdfiddia  flcxuosa  and  others)  is  limited  in  its  western  extension 
by  insufficient  (deep)  water  supply,  and  is  replaced  by  the  shal- 
low-rooted short  grass  formation. 

The  roots  .studied  are  reniarkal)l('  for  their  individuality.  The 
roots  of  each  species,  because  of  peculiarities  of  form,  of  branch- 
ing habit,  of  position  in  the  soil,  of  texture,  color,  odor  or  taste, 
can  easily  be  distinguished,  and  these  distinguishing  characters 
have  often  proved  useful  in  ecological  work. 

A  knowledge  of  the  distribution  and  extent  of  root-systems 
helps  us  to  more  coreectly  interpret  the  present  structure  o^ 
vegetation  as  well  as  to  analyze  the  causes  which  have  led  „p  to 
and  are  constantly  active  in  modifying  these  conditions. 

In  concluding,  I  wish  to  acknowledge  my  deep  indebtedness 
to  my  onetime  student,  Mr.  Walter  L.  C.  ^luenscher,  whose 
keen  interest  in  the  work  made  him  my  almost  constant  com- 
panion in  the  course  of  this  study. 

•  Georgeson,  C.  C.  and  Payne,  J.  E.,  Bui.  7.5  Kans.  .\gric.  Col.,  1897. 

>"  Ten  Eyck,  A.  M.,  Bui.  127  Kans.  Agric.  Col.,  1904. 

"  8hantz,  H.  L.,  Natural  Vegetation  as  an  Indifator  of  the  Capabilities  of 
Land  for  Crop  Production  in  The  Great  Plains  Area.  Bui.  201  Bureau  of  Plant 
Industry,  1911. 


BOOKS  AND  CURRENT  LITERATURE 

Western  Wild  Flowers. — Many  persons  arc  attracted  by  the  wild 
flowers  which  they  encounter  in  their  excursions,  but  do  not  desire 
in  the  least  to  take  up  the  study  of  botany.  They  are,  indeed,  re- 
pelled by  the  manuals  which  lock  up  a  knowledge  of  the  floras  of  their 
several  regions,  and  are  unwilling  to  attempt  to  master  the  kej^s  pro- 
vided to  open  it  to  them.  For  the  convenience  of  these  flower-lovers 
many  guides  of  a  less  technical  character  have  been  proA-ided,  especially 
in  recent  years,  in  which  the  study  of  nature  has  received  so  great  an 
impulse.  They  vaiy  in  value  as  in  scope,  and  botanists  should  be  glad 
to  find  one  they  can  recommend  to  those  who  inquire  for  something 
they  "an  understand.  Such  a  book  is  Miss  Armstrong's  Western  Wild 
FlotJirs,  whose  botanical  coi'rectness  is  guaranteed  by  the  collabora- 
tion of  Professor  Thornber.'  The  numerous  illustrations,  in  black  and 
white  and  in  color,  will  be  of  great  assistance  to  those  for  whom  the 
book  is  designed.  Its  field  includes  the  seven  western  states  from 
Washington  and  Idaho  to  Utah  and  Arizona,  so  that  the  large  number 
of  plants  described  are  of  necessity  but  a  small  part  of  the  flora  of  that 
vast  and  varied  region.  But  the  purpose  seems  to  have  been  to  include 
plants  which,  by  the  beauty  or  unusual  structm'c  of  their  flowt'rs,  as 
well  as  by  their  occurrence  in  places  readily  visited,  are  most  likely  to 
attract  the  attention  of  those  who  will  use  the  book,  and  at  the  same 
time  to  present  representatives  of  the  various  families  found  in  the 
region  covered.  Most  books  of  this  kind  omit  all  the  difficult  genera, 
but  in  this  one  only  the  grasses  and  the  sedges  are  unincluded.  On  the 
whole  the  selection  is  judicious,  although  one  is  surprised  at  the  absence 
of  some  species  and  at  the  inclusion  of  others;  but  this  would  certainly 
be  the  case  whoever  made  the  choice. — S.  B.  Parish. 


'  Armstrong,  Margaret,  Field  Book  of  Western  Wild  Flowers.  In  collabora- 
tion with  J.  J.  Thornber,  A.M.  Figs.  500,  pis.  in  color  48.  New  York,  G.  P. 
Putnam's  Sons,  1915  (.S2.00). 
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NOTES  AND  COMMENT 

The  loront  mention  in  these  pages  of  the  papers  on  plant  distribu- 
tion which  \\("i-e  read  at  the  San  Francisco  meeting  of  the  American 
Association  has  caused  one  of  our  corros])ondonts  to  send  us  the  titles 
of  papers  on  the  same  subject  whicli  were  read  in  two  sj^mposiums  held 
twenty-five  and  fifteen  years  ago  respectively.  The  first  of  these  Avas 
at  the  Indianapolis  meeting  of  the  American  Association  in  1890,  the 
seconil  at  the  New  York  meeting  in  1900.  The  titles  of  these  con- 
tributions are  worthy  of  republication  at  the  present  time,  as  they  afford 
an  index  of  the  major  interests  in  American  plant  geography  during 
a  period  of  ten  years  or  more. 

Papers  read  at  the;  Indianapolis  Meeting: 

Sereno  Watson.    The  relation  of  the  Mexican  flora  to  that  of  the  United  States. 
John  M.  Coulter.     Geographical  distribution  of  North  American  Umbellifcrae. 
Lucien  M.  Underwood.    The  distribution  of  Hepaticae  of  North  America. 
Byron  D.  Halsted.    The  migration  of  weeds. 

W.  J.  Beal.     Geographical  distribution  of  the  grasses  of  North  .America. 
John  M.  Coulter.     Geographical  distribution  of  North  .Vmerican  Cornaceae. 
N.  L.  Britton.     On  the  general  geographical  distribution  of  North  American 
plants. 

Papers  read  at  the  New  York  Meeting: 

B.  L.  Robinson.    Distribution  of  the  Spennatophytes  in  New  England. 

J.  K.  Small.  Distribution  of  the  Spennatophyta  in  the  southeastern  United 
States. 

Thomas  II.  Kearney.  Notes  on  the  Lower  Austral  element  in  the  flora  of  the 
southern  Appalachian  region. 

IT.  C.  Cowles.     Physiographic  ecology  of  northern  Mioliigan. 

Roscoe  Pound.     Vegetative  elements  of  the  sandhill  region. 

P.  A.  Rydberg.    Composition  of  the  Rocky  Mountain  flora. 

C.  V.  Piper.     Flora  of  the  Columbian  lavas. 

G.  V.  Nash.    Distribution  of  the  grasses  of  North  .Vmerica. 

W.  L.  Bray.    Relationship  between  the  North  and  South  American  floras. 

J.  N.  Rose.     Floral  zones  of  Mexico. 

N.  L.  Britton.    Origin  of  the  flora  of  North  America. 

The  majority  of  the  participants  in  these  sjnnposiums  are  best  known 
through  their  work  in  systematic  botany,  a  circumstance  which  calls 
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attention  to  the  fact  that  during  the  past  decade  there  have  been  very- 
few  contributions  to  plant  geography  from  the  systematic  botanists 
of  this  countiy.  This  may  be  due  to  the  absorbing  task  which  has 
busied  all  taxonomic  workers  in  the  description  of  fresh  material  from 
little-known  regions,  or  in  altering  the  names  of  plants  from  well- 
kno\ra  regions,  or  it  may  be  duo  to  the  inherent  difficulty  of  arriving  at 
fresh  generalizations  in  phj'togeographic  work.  Such  recent  papers 
as  those  of  Dr.  N.  L.  Britton  on  the  vegetation  of  Mona  Island  and  of 
Dr.  P.  A.  Rydberg  on  the  alpine  flora  of  the  Rocky  Mountains  show 
that  phytogeograi)hy  still  makes  a  strong  appeal  to  the  systematist 
whenever  he  contemplates  the  larger  features  of  his  work.  It  is  to  the 
systematist  that  we  must  look  for  our  soundest  work  in  floristic  plant 
geography,  and  it  is  greatly  to  be  hoi)etl  that  he  will  not  neglect  this 
ojjpurtunify  for  the  widening  of  his  work. 

^liss  Josephine  E.  Tilden,  of  the  University  of  Minnesota,  announces 
that  she  is  now  preparetl  to  distribute  6000  cards  of  her  hidex  Algarum 
Universalis.  This  Index  furnishes  a  complete  bibliography  of  litera- 
tvn-(^  on  algae,  under  the  four  headings:  authors,  gencu-a  and  species, 
geographical  areas,  and  general  subjects.  It  is  Miss  Tilden's  aim  to 
bring  the  Index  up  to  date  during  191G,  and  thereafter  to  keep  it  abreast 
of  the  current  literature. 

We  wish  to  remind  our  read(>rs  of  the  two  prizes  of  $50  and  $15  which 
arc  offered  by  this  joui-nal  for  th(>  best  papers  on  the  water  I'elations  of 
plants.  All  papers  submitted  in  competition  should  he  in  the  hands 
of  the  Editor  by  December  1 ,  1915.  Fuller  information  regarding  the 
contest  may  be  found  in  th(>  April  issue. 


AN    INVESTIGATION    OF    THE    CAUSES    OF 

AUTONOMIC    jMO\TMENTS    IN 

SUCCULENT    PLANTS 

EDITH    BELLAJMl'    SHREVE 
Tucson,  Arizona 


The  studj^  of  autonomic  mo\einents  in  plants  has  attracted 
the  attention  of  man\-  notable  workers  throughout  several 
decades,  but  as  yet  very  few  have  been  able  to  attain  an  ap- 
proach to  the  goal  of  ultimate  causation.  Various  kinds  of  move- 
ments have  received  attention  and  their  causes  have  been  ascribed 
to  such  things  as  changes  in  geotropic  irritability,  differential 
growth,  changes  in  the  turgidity  of  special  organs,  caused  in 
turn  by  changes  in  permeability  of  protoplasm,  to  temperature, 
to  light,  etc. ;  but  the  causes  of  the  changes  in  geotropic  irritability 
(whatever  the  term  may  mean),  of  differential  growth,  of  per- 
meability changes,  or  the  mechanism  bj'  which  light  and  tem- 
perature act,  have  not  been  fovmd.  There  have  come  to  the 
attention  of  the  writer  no  papers  dealing  with  autonomic  move- 
ments in  succulents  and  it  seemed  probable  that  a  study  of  move- 
ments in  this  class  of  plants  miglit  bring  to  light  new  facts  which 
would  in  the  end  aid  in  the  discovery  of  the  ultimate  physico- 
chemical  causes  for  at  least  one  class  of  movements. 

In  the  following  report  new  facts  regarding  movements  do 
appear  and  their  causes  are  ti-aced  to  a  physical  source  but  this 
source  is,  alas,  still  far  from  the  ultimate  cause.  This  paper 
will,  however,  be  followed  at  an  early  date  by  another  which 
will  contain  the  results  of  a  further  research  into  the  mechanism 
of  the  jihysical  source  mentioned  above.  In  the  present  paper 
the  usual  terms  "irritability,"  "internal  stimulus,"  "response" 
have  been  avoided  because  in  the  opinion  of  the  writer  they  mere- 
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ly  mask  the  true  condition  of  the  state  of  knowledge  of  cause  and 
effect. 

The  investigaiions  set  forth  in  the  following  pages  were  car- 
ried on  at  the  Desert  Laboratory  at  Tucson,  Arizona.  The 
writer  wishes  to  express,  here  her  gratitude  to  Dr.  D.  T.  Mac- 
Dougal  not  only  for  the  use  of  the  faeilities  of  the  laboratory 
but  also  for  helpful  suggestions  concerning  the  work. 

Autonomic  movements  of  an  etiolated  joint  of  a  platyopuntia 
were  described  by  MacDougal  in  1910,'  and  in  1912-  he  observed 
an  attenuated  plantlet  of  Opunlia  versicolor,  that  within  a  period 
of  three  days  showed  movement  in  a  vertical  direction  through 
an  arc  of  180°  and  in  a  horizontal  direction  through  an  arc  of 
2  to  10°.  During  the  last  few  years  the  writer  has  at  various 
times  observed  that  joints  or  limbs  of  Opunlia  versicolor,  O.fusi- 
caulis,  O.  Toumeyi,  and  Carnecjiea  gigantea  have  changed  their 
positions  from  time  to  time.  The  work  presented  here  was 
undertaken  with  a  view  to  finding  the  exact  nature  of  these 
movements  and  the  cause  of  them.  Opxmlia  versicolor  was  chosen 
as  the  subject  of  the  main  part  of  the  investigation  on  account 
of  the  convenience  of  procuring  large  numbers  of  individuals. 
This  is  a  much-branched,  semi-arborescent  cactus,  made  up  of 
joints  1  to  4  cm.  in  diameter  and  5  to  30  cm.  in  length.  The 
younger  plants,  1  to  10  years  old,  have  joints  in  all  respects  like 
those  of  the  same  age  on  older  plants. 

The  plants  used  as  material  for  the  observations  and  experi- 
ments retain  the  same  designation  by  number  or  by  letter 
throughout  the  paper.  They  fall  into  three  classes:  (1)  Nos. 
1,  2,  and  14,  which  were  raised  from  seed  in  a  green-house  and 
were  4  years  old  when  used;  their  joints  were  more  attenuated 
than  is  usual  with  plants  grown  in  the  open  but  they  were  plumj) 
and  turgid.  (2)  Nos.  3  to  34  inclusive,  excepting  14.  which 
were  taken  from  the  ground  three  months  to  a  year  before  they 
were  used  and  were  planted  in  pots.  (3)  Nos.  A  to  G  which 
were  growing  in  the  open  and  left  undisturbed. 

'  MacDoug.il,  U.  T.,  :ind  Cannon,  W.  A.,  The  conditions  of  parasitism  in 
plants.     Carnogie  Inst.  Wash.,   1910. 

»  From  >inpul)lished  notes  kindly  furnished  the  writer  by  Dr.  MacDougal. 
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Casual  observations  made  it  seem  ]5robable  that  the  vai-ious 
jKisitions  assumed  by  the  joints  were  related  to  the  degree  of 
turgidity  of  the  tissues.  Hence  measurements  were  made  on 
plants  in  wet  and  in  dry  soil.  In  potted  plants  the  soil  water- 
content  could,  of  course,  be  controlled.  The  measurements  on 
plants  growing  in  the  open  were  made  at  various  times  of  the 
year  when  the  interval  between  rains  was  known. 

The  first  set  of  observations  was  made  on  both  potted  plants 
and  on  plants  growing  out  of  doors.     The  differences  in  posi- 

TABLE  I 
The  relation  of  movemerds  of  joints  of  Opuntia  ta  the  u-ater-conlent  of  the  soil. 

Plant  No.  2 


Oct.    2  to  17 
Oct.  17  to  22 


-19.1 
+  14.6 


B 


-3.5 
+3.4 


-8.3 

+7.5 


No  water  given  between 
the  dates.    Pot-  open. 

Watered  every  two  days 
after  Oct.  17 


Plant  No.  3 


May  27  to  Aug  7 
-Vug.  7  to  11 


-5.2 

+5.4 


B 


-1.0 
+0.6 


No   water   given   between 

dates.     Pot  sealed. 
Watered  on  Aug.  7 


Plants  Nos.  7  and  8 


NO.  7A  NO.  8 


Oct.  22  to  .Tan.  21 
Jan.  21  to  Mar.  20 


-20.8 
+  20.3 


-24.0 
+23.7 


No  water  given  between 
dates.     Pots  sealed.     <%  * 

Watered  frequently  after 
Jan.  21. 


Plants  A  and  C 


Al 

A2 

A3 

Cl 

Oct.  22  to  Dec.  2 
Dec.  2  to  Miir.  20 

-5.5 
+5.5 

-4.5 

+4.7 

-2.5 
+3.7 

-13.0 
+  11.0 

No  rain  between 

dates 
Many       sliowers 

after  Jan.  21 
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tion  whic'li  look  jjlacc  tluriiit^  the  intervals  Ix'twccii  iiioasureiuents 
are  given,  in  centimeters,  in  table  1,  the  i)lus  sign  heiiig  used  to 
denote  an  upward  movement  and  the  minus,  a  downward  oih'. 
The  general  appearance  of  the  ))lants  under  the  several  con- 
ditions is  indicated  by  the  diagrams  in  figure  1.  These  show 
only  the  extreme  jxisitions  assumed  in  wet  and  in  dry  soil.  The 
downward  m()\-(Mnent  took  i)]ace  gradually,  occui)ying  weeks 
or  months,  while  the  upward  movement  was  rapid  after  rain 
or  irrigation  and  occupied  only  a  few  days. 


A 


OcT.22  Dcc.2  M*r20 

c 


OctZZ 


Jan.21 


MAn20 


Oct  22 


Dec  2 


M*R.20 


Vig.  1.     Diagrams  to  illustrate  the  relations  of  movements  of  Opuntin  versi- 
color to  the  water-contont  of  the  soil.     For  rletails  sot-  table  1. 


The  second  set  of  observations  was  made  by  means  of  measure- 
ments and  by  securing  series  of  photographs.  Negatives  were 
niatle  of  five  adult  plants,  growing  in  the  open,  at  successive 
seasonal  ])(>riods  of  wet,  dry,  and  wet  soil,  the  camera  being 
accurately  j^laced  in  the  same  position  each  time.  All  five  of 
the  plants  showed  similar  behavior.  In  figure  2  appear  ^■iews 
of  the  smallest  plant  of  the  series. 

Both  of  the  above  sets  of  observations  show  that  when  the 
positions  are  noted  at  the  same  time  each  day,  the>-  change  with 
the  amount  of  water  in  the  soil,  a  low  jjosition  being  assumed 
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iliiriiiM;  profirossivo  dosicoation   and   a   higher  ono  after  subse- 
quent rain  or  irrigation. 

When  the  plants  are  in  dry  soil  their  tissues  are  shrunken  and 
have  flistinct  ridges  and  furrows  around  the  tubercles.  After 
rain  or  irrigation,  as  well  as  before  any  desiccation  has  occurred, 
the  joints  are  plump  and  have  many  signs  of  being  more  turgid 
than  wluMi  in  the  tlcsiccated  condition.  A  test  of  the  water- 
content  of  joints  one  year  old  gave  IS  grams  of  water  per  gram  of 
dry  weight  for  joints  in  the  high  position  and  10  grams  for  the 
low  one.  These  values  were  obtained  by  heating  severed  joints 
to  constant  weight  at  100°C.  Ten  separate  determinations 
were  made  and  the  results  averaged.  The  individual  varia- 
tions were  sometimes  as  great  as  20%. 

It  is  evident  that  the  movements  thus  far  considered  are  due 
to  changes  in  turgidity.  ^Measurements  were  also  made  on 
Carnegiea  gigantca,  and  on  Oputitia  fmicaulis,  which  show  that 
they  have  similar  movements.  Frequently  joints  continue  the 
growth  of  their  vascular  tissue  while  they  are  in  the  low  positions 
and  when  the  rains  come  they  are  too  stiff  to  return  to  their  former 
erect  positions.  Thus  the  curious  final  forms  of  the  cacti  are 
determined  by  the  amount  of  drought  the  plants  experience 
during  the  last  stages  of  the  secondary  thickening  of  the  joints 
and  not  by  any  peculiarity  of  the  growing  pohits. 

When  soil  conditions  remain  fairly  constant  no  observable 
change  of  position  takes  place,  provided  the  measurements  are 
made  at  the  same  time  each  day.  However,  when  measurements 
are  made  at  2  to  12  hour  intervals  another  phenomenon  appears 
which  may  be  said  to  be  superposed  upon  the  nearly  constant 
position  in  soil  of  unchanging  water-content,  as  well  as  upon 
the  general  downward  or  upward  motion  in  soil  of  decreasing 
or  increasing  water-content.  This  new  movement  takes  place 
within  each  24  hours  and  may  be  described  briefly,  as  consist- 
ing of  a  downward  movement  at  night  and  an  upward  one 
during  the  day.  Certain  exceptions  to  this  general  rule  occur 
and  will  be  considered.  The  character  and  amount  of  this 
motion,  together  with  a  general  description  of  the  accompanying 
environmental  conditions,  will  be  seen  from  the  following 
experiments. 
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Preliminary  experiments,  which  will  not  be  recorded  here, 
gave  some  evidence  that  the  short  period  movements  are  con- 
trolled by  temperature,  light,  the  water-content  of  soil  and  of 
tissues,  both  at  the  time  of  the  experiment  and  previously,  and 
possibly  also  by  the  evaporative  power  of  the  air.  Conse- 
quently, mo\'ements  have  been  measured  under  various  environ- 
mental conditions  and  a  record  kept  of  these  conditions.     In 

TABLE  2 
Experiment  1.     Movements  of  three  branches  of  Plant  No.  4 


A 

B 

C 

M;ir.  8    7.30  a.m.  to  7.30  p. m 

+  4.0 

+4.3 

7.30  p.m.  to 

Mar.  9                            7..30  a.m 

-0.4 

-1.1 

-3.7     . 

7.30  a.m.  to 

7.00  p.m 

+  2.4 

+0.0 

+4.0 

EXPERI.VIENT 


TABLE  3 

Movements  of  Plant  No. 


-Mar.  11 

9  a.m.  to  10  a.m 

+  0.1 
+0.1 

11  a.m.  to  12  noon 

+0.6 

12  noon  to    4  p.m         

+0.7 
0  c 

4  p.m.  to    7  p.m 

7  p.m.  to 

.Mar.  12 

7  a.m 

-0  9 

7  a.m.  to  10  a.m 

+0  5 

10  a.m.  to  12  noon 

+0.9 

12  noon  to    4  p.m.. 

+  2.9 

experiments  !-(>,  the  normal  range  of  day  and  night  temperatures 
and  light  have  been  used  witii  a  variation  in  the  water-content 
of  soil  and  tissues.  In  experiment  7,  the  light  and  temperature 
changes  are  still  the  normal  ones  but  the  plants  are  exposed  to 
tlitfcrent  wind  velocities  and  hence  to  different  evaporative 
mtensities.  Experiment  8  covers  various  conditions  of  light 
and  temperature  changes  with  the  water-content  of  soil  and  tis- 
sues remaining  as  nearly  constant  as  possible. 
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TABLE  4 
Experiment  3.    Movements  of  Plant  No.  1,  branches  A ,  li  and  ( ' 


TIME 

A 

B 

C 

Mar.  10      7  a.m.  to  12  noon 

+0.6 
+0.2 
-0.5 

-1.5 
+  0.4 
+0.3 
+0.3 
0,0 
0.0 
+0.3 

-1.2 
0.0 
0.0 
0.0 
0.0 
0.0 

-0.8 

+0.3 
+0.2 
-0.5 

-1.3 

+0.4 

+0.5 

CO 

0.0 

0.0 

+0.2 

-1.2 
0.0 
0.0 
0.0 

-0.6 

-0.7 

+  1.4 
+0.4 
-0.8 

—  1   1 

12  noon  to    4  p.m.          

4  p.m.  to    7  p.m 

7  p.m.  to 
M;\r    H                              7  a.m. 

7  a.m.    to    8  a.m 

+0.3 
0.0 

0am     toll  a.m. 

+0  0 

11  a.m.  to    2  p.m 

2  p.m.  to    4  p.m 

+  0.5 
0.0 

+0.3 

7  p.m.  to 
Mar    12                          7  a.m. 

-2.4 

7  a.m.  to  10  a.m 

-0.5 
+0.3 

11  a.m.  to  12  noon 

12  noon  to    4  p.m 

+0.2 
0.0 

0.0 

Mar   13                            7  a.m 

-2.1 

TABLE  5 
ExpEKiMENT  4.     Movements  of  Plants  No.  it  and  No.  12 


PLANT  NO.   11 

PLANT  NO.   12 

M:ir. 

9 

7 

a.m. 

to  7    p.m. 

+  1.0 

Mar. 

11 

7  p.m.  to 

7 

p.m. 

to 

Mar. 

12 

7  a.m. 

-0.2 

Mar. 

10 

7  a.m. 

-0.8 

7 

a.m.   to  10  a.m. 

+0.2 

7 

a.m. 

to  12  m 

+0.3 

10 

a.m.   to  12  noon 

+  0.5 

12 

noon 

to    4  p.m. 

+0.2 

12 

noon  to    4  p.m. 

+0.3 

4 

p.m. 

to    7  p.m. 

0.0 

4 

p.m.   to    7  p.m. 

0.0 

7 

p.m. 

to 

7 

p.m.  to 

Mar. 

11 

7  a.m. 

-0.7 

.Mar. 

13 

7  a.m. 

-0.8 

7 

a.m. 

to    S  a.m. 

+0.2 

7 

a.m.   to  10  a.m. 

+0.5 

8 

a.m. 

to    9  a.m. 

0.0 

10 

a.m.   to  12  noon 

+0.4 

9 

a.m. 

to  11  a.m. 

+0.2 

12 

noon  to 

11 

a.m. 

to    2  p.m. 

0.0 

Mar. 

14 

7  a.m. 

-0.4 

2 

p.m. 

to    4  p.m. 

+0.3 

4 

p.m. 

to    7  p.m. 

-0.2 
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Thermograph  I'ecords  were  taken,  and  have  been  presented 
in  the  accompanying  figures.  An  arbitrary  and  very  crude 
method  for  indicating  changing  light  conditions  has  been  adopted. 
A  convenient  distance  was  chosen  as  the  height  to  represent  the 
Hght  conditions  in  the  open  when  the  sky  is  clear  and  the  sun- 
light falls  directly  on  the  plants;  one-half  of  this  amount  repre- 
sents complete  cloudiness  or  the  shade  within  the  laboratory. 
No  attempt  was  made  to  indicate  anything  beyond  the  grossest 
changes  in  light  intensity,  such  as  are  caused  by  partial  or  inter- 


/ 


Fig.  3.  Movements  of  Opuntia  versicolor  under  three  conditions  of  water 
relations.  See  tables  2-5.  Plants  Nos.  4,  11,  and  12  (solid  line)  are  of  normal 
turgidity  throughout  the  experiment.  Soil  continuouslj'  wet.  Plant  Xo.  1 
(broken  line)  is  of  normal  turgidity  at  the  start  of  the  experiment.  Soil  is  drj^- 
ing  out.  Plant  Xo.  8  (dotted  line)  is  recovering  from  a  jjrevious  short  desicca- 
tion period.     Soil  continuously  wet. 


mittent  cloudiness.  A  clear  day  is  represented  by  a  straight 
line  from  sunrise  to  stmset  regardless  of  the  fact  tluit  the  intensity 
changes  from  hour  to  hour. 

Kxi-EitiME.xT  1.     March  8-0,  1914. 

Object:  The  measurement  of  day  and  of  night  movements  of  a  plant  under 
green-house  conditions.    Water-content  of  .-soil  liigh. 
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Material:  I'hiiil  No.  J,  an  individual  with  two  branches  grown  in  the  open 
and  three  in  the  green-house.  The  measurements  were  made  on  the  branches 
which  grew  in  the  grepn-houso.  The  soil  has  been  kept  continuously  moist  for 
over  !i  month. 

Results:  The  data  are  recorded  in  table  2  and  given  in  graphic  form  in  figure  3. 

ExPEUi.MENT  2.    March  12-13,  1914. 

Object:  The  measurement  of  movements  at  intervals  during  the  day,  with  a 
single  measurement  for  the  night,  ufider  green-house  conditions  and  with  the 
plant  recovering  from  drought  in  wet  soil. 

Material:  Plant  No.  8,  an  unbranched  small  individual  which  made  its  growth 
in  the  open.  The  previous  history  of  this  plant  is  shown  in  figure  1.  At  the  time 
of  the  experiment  it  was  in  position  3.  The  soil  had  been  kept  continuously  wet 
since  the  watering  on  January  21.  At  7  p.m.  on  March  12  a  small  amount  of  water 
was  given  in  order  to  i)revent  even  a  slight  drying  hit  during  the  night.  A  small 
"w"  on  the  graphs  always  indicates  the  time  at  which  water  was  added. 

Results:  Data  are  given  in  table  3  and  figure  3. 

KxpEniMKNT  3.     .March   10  12,   1914. 

Object:  The  measurement  of  changes  in  position  at  frequent  intervals,  under 
green-house  conditions  and  in  soil  which  is  gradually  drying  out. 

Material:  Plant  No.  3,  a  three  year  old,  which  had  spent  its  entire  life  in  the 
green-house.  It  was  oO  cm.  high  and  bore  three  branches.  .\U  three  branches 
were  in  positions  intermediate  between  1  and  2  in  figure  1. 

Results:  The  data  are  given  in  table  4  and  fig\ire  3. 

E.xPERiMBNT  4.     March  9-11,   1914. 

Object:  The  measurement  of  changes  in  position  at  frequent  intervals  under 
green-house  conditions  and  in  wet  soil,  using  plants  which  have  never  suffered 
from  drought. 

Material:  Plants  No.  11  anil  12.  Both  were  small  individuals  about  15  cm. 
high  and  were  in  erect  positions.  They  had  made  their  entire  growth  in  the 
green-house. 

Results:  Data  appear  in  talile  .5  and  figure  3. 

EXI'KUIMKNT    5. 

Object:  The  duplication  of  experiments  1-4. 

Material:  Plants  Nos.   1,  2,  4,  and  5. 

Method:  Experiments  1-4  were  repeated  under  as  nearly  identical  conditions 
as  could  be  obtained  on  different  days. 

Results:  The  data  were  in  all  respects  similar  to  those  in  the  previous  experi- 
ments; so  that  the  graphs  of  these  experiments  would,  if  slightly  smoothed, 
represent  the  graphs  for  the  movements  in  experiment  5. 

Experiment  6. 

Object:  The  mea.surement  of  movements  for  day  and  night  under  extremely 
desiccated  conditions  of  soil  and  plant,  and  later  of  movements  of  the  same 
plants  after  irrigation. 

Material:  Plants  Nos.  3,  4,  7,  and  S.  .Ml  had  received  no  water  for  two  months 
and  the  branches  were  in  the  lowest  possible  positions. 

Results:  Measurements  extending  over  two  weeks  showed  no  movement  either 
during  the  day  or  at  night  for  plants  under  conditions  of  extreme  desiccation. 
Measurements  during  two  days  and  nights  immediately  after  irrigation  showed  a 
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continuous  rise  for  both  clay  and  night,  but  a  faster  rate  for  the  day  than  for  the 
night.  Plant  No.  4  was  kept  in  constant  darkness  after  irrigation  and  continued 
to  rise  during  the  two  days  and  nights.  Its  rate  was  slower  than  that  of  the 
others,  but  the  rates  varied  so  much  from  plant  to  plant  and  from  branch  to 
branch  tliat  it  was  impossible  to  tell  what  the  rate  of  Xo.4  might  have  been  if  it 
had  not  been  kept  in  darkness. 

TABLE  6 

ExPERl.\rENT  7.     Movements  under  different  conditions  of  evaporating 
poller  of  the  air 


PLANTS 

NOTES 

No.  1 

.\o.  2 

\o.  8 

.\o.  15 

No.  16 

Sept.  4 

10  a.m. 

+4.0 

+3.1 

+0.8 

+0.5 

+0.7 

In  greenhouse.     Sun 

2  p.m. 

+3.. 5 

+  2.0 

+  0.3 

+0.1 

+0.2 

bright.  Evaporat- 
ing power  of  air 
low. 

Sept.  5 

10  a.m. 

-3.2 

-1.7 

-0.4 

+0.3 

+  0.4 

In  the  open.  Sun 
bright,  wind  veloc- 
ity very  high. 

L>  p.m. 

0.0 

0.0 

-0.5 

0  0 

+  0.1 

Evaporation 
extremely  high. 

Sept.  6 

10  a.m. 

-I.O 

-0.2 

0.0 

+0.4 

+0.5 

In    the    open.     Sun 

2  p.m. 

-0.5 

-0.3 

0.0 

+0.4 

+0.3 

bright.    Wind  ve- 

.3 p.m. 

0.0 

-0.3 

-0.2 

+  0.1 

0.0 

locity    medium. 

4  p.m. 

Evaporating 

G  p.m. 

-1.0 

0.0 

0.0 

-0.2 

0  0 

power  of  the  air 
high. 

EXPEUI.ME.NT   7. 

Object:  Measurement  of  movements  under  conditions  of  the  higli  evaporation 
existing  in  the  open  in  the  sun,  with  the  tissues  of  the  plant  turgid  and  the  soil 
water  content  high. 

Material:  Plants  Xos.  1,  2,  8,  15,  and  1(>.  Plants  1  and  2  ha<l  spent  their  entire 
life  in  the  green-house,  the  otlicrs  in  the  open. 

Method:  .Ml  plants  were  measured  at  four-hour  intervals,  on  the  first  clay  in 
the  green-house,  on  tlie  second  <lay  in  the  open,  under  the  influence  of  bright  sun 
and  a  high  wind.  On  the  third  day  the  plants  were;  again  placed  in  the  open, 
but  on  this  day  the  velocity  of  the  wind  was  not  .so  high.  The  plants  were  placed 
in  the  green-house  at   night. 

Results:  The  movements  are  shown  in  table  G.  Two  of  the  three  plants  whicli 
had  grown  in  the  open,  Nos.  15,  and  16,  moved  u])ward  both  in  the  green-house 
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ami  in  the  open.  The  two  plants  which  wore  urown  in  the  grcen-hou.se  moved 
upward  under  green-house  conditions  but  downward  when  placed  under  the 
conditions  of  hinher  evaporation  in  the  open.  Plant  \o.  8,  which  had  grown  in 
the  open,  beliavcd  in  the  same  manner  as  the  green-house  grown  plants. 

ExpcrinK'iits  1-7  show  that  younp;  turgid  joints  which  have  not 
recently  suffered  t'loni  drought,  when  placed  under  conditions 
of  average  evaporative  intensity  and  subjected  to  the  normal 
day  to  night  changes  in  hght  intensity  and  air  temperature, 
show  short  periodic  movements,  consisting  of  a  rise  during  the 


Fig.  4.  Movements  of  Opuntia.  March  2-4,  low  temperature  with  an  alter- 
nation of  ditTuse  light  and  darkness.  March  .5  7,  liigh  temperature  with  analtcr- 
nation  of  diffuse  light  and  darkness.  March  8-10,  normal  day  to  night  changes 
in  temperature  and  light.  Two  lowest  graphs  indicate  temperature  and  light 
conditions.     See  experiment  S. 

daylight  and  a  thop  during  darkness  hours.  The  rise  is  greatest 
in  the  forenoon,  frequently  ceasing,  or  even  being  replaced  by  a 
drop,  after  four  o'clock.  In  other  words,  during  the  time  of 
greatest  evaporative  intensity  of  the  day  the  plant  is  erecting 
itself  and  during  the  time  of  lowest  evaporation  it  is  drooping. 
Tills  characteristic  movement  is  influenced  by  the  amount  of 
water  in  the  soil  and  may  be  stopped  or  reversed  by  allowing 
the  plant  to  become  desiccated  and  subsequently  irrigating.  A 
very  high  evaporative  intensity  may  ;dso  gi^■e  a  tlownward  move- 
ment during  the  day  to  a  joint  which  has  grown  in  the  green- 
house and  sometimes  to  a  very  young  joint  which  has  made  its 
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growth  ill  the  open.  The  next  experiment  records  the  influ- 
ence of  other  combinations  of  environmental  factors  upon  the 
movement. 

Experiment  8. 

Object:  An  investigation  of  the  inflvienceof  light  and  temperature  upon  the  day 
and  night  movements,  by  means  of  their  measurement  under  conditions  of  (1) 
constant  high  temperature  with  an  alternation,  at  twelve  hour  intervals,  of  diffuse 
light  and  darkness;  (2)  constant  high  temperature  with  an  alternation  of  sunlight 
and  darkness;  (3)  constant  low  temperature  with  an  alternation  of  diffuse  light 
and  darkness;  (4)  constant  low  temperature  and  constant  darkness;  (5)  constant 
darkness  with  an  alternation  every  twelve  hours,  of  high  and  low  temperatures. 
For  the  high  temperatures  90°  to  100°  F.  were  selected  and  for  the  low  ones 
55°  to  60°  F.,  the  idea  being  that  these  represented  the  average  maximum  and 
minimum  to  which  plants  are  normally  subjected.  Thus  any  motaljolic  changes 
which  might   influence  the  movements  would  still  appear.-' 

Material:  Plants  Xos.  1,  2,  4,  and  7.  Nos.  1  and  2  were  green-house  raised 
plants;  Nos.  4  and  7  were  from  the  open. 

Method:  The  constant  high  temperatures  were  obtained  by  placing  the  potted 
plants  within  glass  cages  (about  15  cubic  feet  capacity)  which  were  fitted  with 
electric  heaters  and  automatic  controls.  The  temperature  between  the  top  and 
bottom  of  the  cages  varied  from  1°  to  1.5°  F.,  while  at  a  given  level  the  variation 
was  no  greater  than  I). 2°  F.  The  thermograph  was  placed  at  the  mean  level  of  the 
aerial  parts  of  the  plants.  For  the  constant  low  temperature,  a  vault  beneath 
the  laboratory'  was  u.sed.  Xo  means  was  at  hand  for  obtaining  a  constant  low 
temperature  in  sun-light.  Unless  statements  are  made  to  the  contrary,  the 
plants  used  were  at  nearly  maximum  turgidity  and  were  in  wet  soil. 

Results:  The  movements  arc  recorded  in  the  form  of  graphs  in  figures  4-6. 
Light  and  temperature  changes  are  indicated  in  the  same  manner  as  in  previous 
experiments. 

When  the  hplia\-ior  of  the  plants  is  examined  from  the  graphs 
the  following  facts  appear.  The  characteristic  upward  and 
downward  movements  for  day  and  night  cease  entirely  under 
conditions  of  (1)  constant  high  temperature  with  an  alternation 
every  twelve  hours  of  darkness  and  diffuse  light;  (2)  constant 
high  temperature  with  an  alternation  of  darkness  and  sunlight: 
(3)  nearly  constant  low  tenipciattire  with  an  alternation  of  dark- 

•'  It  was  thought  when  these  conditions  were  planned  that  acidity  changes 
within  the  plant  could  be  predicted  from  the  work  of  II.  M.  Richards  (.Vcidity 
and  gas  interchange  in  cacti.  Carnegie  Inst.  Pub.  209),  and  G.  Krause  (Die 
Wasservertcilung  in  der  Pflanzc.  Abhand.  d.  Xatrfor.  C!es.  Halle,  16,  143).  Hut 
later,  when  acidity  determination  were  made  on  the  material  under  these  con- 
ditions, the  results  showed  that  further  work  must  be  done  on  acidity  relations 
before  such  predictions  can  be  made  with  any  degree  of  accuracy. 
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ness  and  diffuse  light;  (4)  constant   low    tciupcraturc  and  con- 
stant darkness. 

In  the  case  of  the  continued  darisness  with  an  alternation  of 
higli  and  low  temperatures,  the  first  twenty-four  hours  shows 
the  characteristic  movements  but  the  second  period  of  low  tem- 
perature fails  to  show  the  downward  movement  and  after  this, 
one  plant  continues  a  general  downward  movement,  while  the 
othei-  moves  ui)wai-d  tluring  exposure  to  high  temjierature  and 
downward  under  the  influence  of  low  temperature. 


Fig.  5.  Movements  of  Opuntia.  -Maroli  8,  normal  day  to  night  changes  in 
temperature  and  light.  .March  9-11,  high  temperature  with  an  alternation  of 
diffu.sc  light  and  darkness.  .March  12-13,  high  temperature  with  an  alternation 
of  normal  day  to  night  changes  in  light.  Two  lowest  graphs  indicate  tempera- 
ture and  light  conditions.     See  experiment  S. 


.Vll  of  the  plants  resumed  their  characteristic  movements 
when  they  were  again  placed  imder  normal  conditions,  but  not 
until  one  period  of  low  temperature  and  darkness  had  been 
experienced.      ' 

Thus  it  appears  that  an  interruption  of  the  normal  day  to 
night  changes  in  temperature  and  light  intensity-  breaks  the 
sequence  of  day  to  night  movements.  It  is  evident  that  both 
light  intensity  and  temperature  influence  the  movements,  but 
a  given  light  intensity  or  temperature  or  any  combination  of 
the  two  will  not  produce  a  given  movement  unless  they  have 
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been  preceded  by  the  proper  combination  of  light  and  tempera- 
ture. The  duration  of  these  conditions  is  also  of  importance. 
For  example,  an  upward  movement  takes  place  under  conditions 
of  strong  light  intensity  and  high  temperature,  provided  the 
plant  has  been  subjected  to  a  low  temperature  and  darkness  for 
a  period  immediately  preceding.  Further,  a  downward  move- 
ment at  low  temperature  and  with  weak  light  intensity  takes 
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Fig.  6.  Movements  of  Oi»(ii(ia.  March  20-24,  constant  darkness  with  an 
alternation  of  low  and  high  temperatures  at  twelve  liour  intervals,  followed  bj- 
one  day  of  normal  conditions.  April  1-4,  constant  darkness  and  constant  low 
temperature.  Two  lowest  graphs  indicate  temperature  and  light  conditions. 
See  experiment  8. 


place  only  wIkmi  these  conditions  follow  high  teiiiporature  and 
strong  light.  These  periods  need  not  be  as  long  as  twelve  hours, 
as  may  be  seen  from  the  graph  on  March  11  and  12,  when  the 
heating  unit  failed  to  work  and  is  so  recorded  by  the  thermograph 
trace. 

The  facts  brought  out  in  the  last  paragi-aj)h  show  that  the 
influence  of  temperature  and  light  intensity  on  the  movements 
cannot  be  a  direct  one.  The  temperature  and  light  must  exert 
an  influence  on  some  other  processes  which  in  turn  influence 
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tlic  in()\('iiionts.  (^uitc  possibly  the  iiioxciiionts  arc  I'itlicr  caused 
l)y,  or  controlled  hv  metabolic  changes  which  in  their  turn  are 
eoiit  rolled  by  lijjht  and  temperature.  It  is  also  possible  that  there 
are  still  other  intermediate  factors.  One  that  forces  itself  upon 
the  attention  is  the  turgor  changes  in  the  tissues.  At  first  it 
seems  al)surd  that  these  plant  movements  could  be  due  to  such 
changes,  since  the  time  of  lowest  turgor  would  ha\'e  to  come  at 
night,  a  time  when  all  j)lants  so  far  as  known  fi'om  previous  work, 
have  theh-  greatest  turgor.  However,  it  must  be  noted  that 
all  of  the  changes  in  en\-ironment  which  have  been  considered 
have  unavoidably  included  changes  in  the  evaporative  intensity 
of  the  air,  and  therefore  in  the  amount  of  water  lost  by  trans- 
piration. Always  though,  the  downward  movement  occurred 
when  the  plant  was  "logically"  losing  the  least  amount  of  water 
and  an  upward  one  when  transi)iration  was  greatest;  so  that  it 
seems  impossible  that  the  plant  could  have  the  greatest  turgor 
when  th(>  joints  arc  ino\'ing  upward. 

(To  be  ran  Untied) 


A  USEFUL  DRAWIXC;  CAMERA 

RICHARD  M.  HOLM AX 

University  of  California,  Berkeley,  Cal. 

^\■llile  studying  recently  in  the  Botanical  Institute  in  Leipzig, 
I  had  occasion  to  follow  closely  the  course  of  the  geotropic  reac- 
tion and  subsequent  autotropic  flattening  of  primary  and  sec- 
ondary roots.  To  record  such  reactions  by  means  of  occasional 
free  hand  drawmgs  is  highly  unsatisfactory  because  of  the  una- 
voidable inaccuracy  of  such  drawings. 

The  method  employed  by  Simon  ( Untersuchung  iiber  den 
autotropischen  Ausgleich  geotropischen  und  mechanischen  Krum- 
nuuigen  der  Wurzeln,  .Jahrb.  der  wiss,  Bot.,  Bd.  51,  S.  81)  leaves 
much  to  be  desired.  He  placed  the  zinc  boxes  with  glass  side 
walls,  which  contained  the  seedlings,  on  their  sides  on  the  stage 
of  a  dissecting  microscope  and  by  means  of  a  camera  lucida  traced 
the  magnified  images  on  paper.  In  this  method  the  object  is 
subjected,  during  the  tmie  necessary  for  drawing,  to  a  stimulus 
acting  at  right  angles  to  the  direction  in  which  it  acts  during  the 
intervals  between  drawings.  If  these  intervals  are  short  the 
curvature  of  the  root  may  be  materially  changed  and  a  cur\a- 
ture  toward  the  side  of  the  box  will  make  its  appearance,  par- 
ticularly if  the  experiment  extend  over  considerable  time.  This 
lateral  curvature  will  occasion  inconvenience  and  probable  in- 
accuracy in  drawing  the  root  and  may  bring  it  into  contact  with 
the  side  wall  of  the  box.  An  arrangement  by  which  the  roots 
could  be  drawn  without  changing  t  heir  i)osition  relative  to  gravity 
would  be  more  satisfactory. 

Professor  Pfeffer  suggested  to  me  that  a  makeshift  drawing 
apparatus,  consisting  of  a  camera,  once  part  of  a  now  obsolete 
photo-niicrographic  apparatus,  the  ground  glass  of  which  had 
been  replaced  by  a  jMcce  of  clear  glass  and  which  had  been  em- 
ployed by  an  earlier  student  in  the  lalinratdry.  might  serve  my 
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imrposc.  A  photofiraphic  lens  of  rather  short  focal  length  had 
been  employed  in  tiiis  drawing  camera  and  the  image  had  been 
traced  on  a  piece  of  almost  transparent  parchment  paper  held 
against  the  glass  plate  by  means  of  two  pieces  of  wood  wedged 
into  the  ground  glass  frame. 

I  found  it  very  difficult  to  trace  accurately  the  image  because 
the  drawing  surface  was  perpendicular.  On  that  account  I  de- 
signed the  attachment  which  is  illustrated  in  the  accompanying 
figures  to  bring  the  image  into  a  horizontal  plane.  It  was  con- 
structed by  a  photographic  mechanician  in  Leipzig  and  was  so 
made  that  it  could  be  substituted  for  the  ground  glass  frame  of 


Fig.  1.    Section  through  the  drawing  camera.    One-sixth  natural  size.    Expla- 
nation in  the  text. 


the  camera  by  sliding  it  into  the  grooves  which  held  the  frame 
in  place.  The  attachment  consisted  of  a  wooden  box  having 
approximately  the  form  of  a  right  triangular  prism,  two  sides  of 
which  were  open.  One  of  these  open  sides  was  held  against  the 
Ixick  of  the  photographic  camera.  Into  the  other  open  side, 
which  was  horizontal  when  the  box  was  in  position,  a  glass  plate 
(g)  was  fitted.  On  the  inner  surface  of  the  hypotenuse  side  of 
the  box  a  mirror  (m)  was  fastened  which  reflected  the  pencil  of 
light  coming  from  the  camera  lens  upward  through  the  glass 
plate. 

A  very  satisfactory  contrivance  which  I  had  constructed  for 
stretching  the  parchment  paper  over  the  surface  of  the  glass  and 
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keeping  it  free  from  wrinkles  was  attached  to  the  reflecting  box. 
This  consisted  of  three  parts.  The  roll  (w)  was  made  of  wood 
and  provided  with  a  slit  like  a  kodak  film  roll.  It  was  attached 
by  brackets  just  above  the  glass  plate.  The  roll  (r)  consisted 
of  a  brass  rod  provided  with  a  small  crank  at  one  end  and  co\-- 
ered  for  a  length  equal  to  the  width  of  the  glass  plate  with  a 
piece  of  soft  thick  walled  rubber  tubing.  This  roll  was  so  fas- 
tened to  the  frame  that  the  tubing  was  compressed  against  the 
glass  plate  near  its  upper  edge.  The  strip  (s)  of  springy  brass 
plate  was  bent  into  a  flat  curve  and  fastened  by  two  screws  at 
the  left  of  the  glass  plate  and  near  its  lower  edge.  Over  the 
strip  several  short  pieces  of  soft  rubber  tubing  were  drawn.     A 


Fig.  2.    Reflecting  box  as  seen  from  above,  .showing  arrangement  for  holding 
the  parchment  paper.    Explanation  in  the  text. 


metal  tongue  attached  to  the  frame  at  the  right  made  it  possible 
to  hold  the  brass  strip  against  the  glass  plate. 

In  use  the  parchment  paper  cut  in  strips  of  proper  width  and 
wound  on  the  roll  iw)  was  passed  between  the  roll  (/•)  and  the 
glass  plate.  The  end  of  the  paper  was  then  fastened  at  the  lower 
end  of  the  plate  by  means  of  the  strip  (s).  A  few  backward 
turns  of  the  roll  (r)  stretched  the  paper  smoothly  over  the  glass. 

The  whole  apparatus  rested  upon  wooden  strips  mounted  on 
a  laboratory  stand  the  height  of  which  could  be  adjusted  by  a 
crank.  By  sliding  the  camera  along  the  stri])s  it  was  possible 
to  f(jcus  the  image  without  changing  the  distance  between  the 
lens  and  the  drawing  surface.  Thus  a  constant  magnification 
could  be  maintained  throughout  a  series. 
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The  raugc  ot  iiuij^uitications  was  2  X  to  lii  X  but  a  conical 
extension  made  of  sheet  brass,  which  could  be  substituted  for 
the  lens  board,  so  increased  the  distance  of  the  lens  from  the 
surface  on  which  the  image  was  projected  that  magnifications  of 
from  21  X  to  4  X  could  be  secured  when  it  was  used. 

The  tracings  obtained  with  this  apparatus  made  it  possible  to 
follow  the  root  cvu-vature  very  satisfactorily.  A  piece  of  wire 
thrust  into  the  cork  on  which  a  seedling  was  mounted  and  lying 
in  the  same  plane  as  the  geotropic  curvature  was  traced  each 
time  the  root  was  drawn.  The  tracing  of  the  wire  and  of  an 
India  ink  mark  on  tlu>  i-oot  base  permitted  the  drawings  of  the 
curving  root  to  be  brought  into  perfect  corrcsi)ondpnce  when 
they  were  superimposed.  The  position  of  the  root  relative  to 
gravity  was  recorded  by  tracing  the  image  of  a  plumlj  line  on' 
the  first  drawing  of  each  series. 

This  camera  has  proven  its  usefulness  in  my  own  work,  in  the 
investigations  of  two  other  students  at  the  Leipzig  Institute  on 
twining  movements  and  orientation  of  leaves  and  in  many  of 
the  exercises  performed  by  students  there,  preliminary  to  the  tak- 
ing up  of  special  problems.  Many  other  uses  for  such  a  camera  as 
well  as  improvements  in  design,  particularly  with  reference  to 
greater  stability  of  the  drawing  svu-face.  will  suggest  themselves 
to  those  interested. 
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Xerophilt. — The  inquirj'  as  to  what  plants  shall  be  designated 
xerophytes  was  made  about  a  year  ago  by  Kamerlhig'  and  has  been 
more  recently  raised  by  Miss  Delf .-  The  latter  author  has  made  a  very 
careful  answer  to  the  question,  showing  that  xerophj'tes  have  been  de- 
fined in  turn  on  habital,  anatomical,  and  physiological  evidence. 
Kamerling  attemnted  to  establish  a  purely  physiological  criterion  for 
xerophily,  based  upon  transpiration  behavior.  He  measured  the  tran- 
spiration from  severed  shoots  not  supplied  with  water,  a  method  which 
possesses  the  lowest  grade  of  experimental  value  and  could  be  useful 
only  in  the  differentiation  of  an  Impaticits  and  an  Opuntia.  Miss 
Delf  repudiates  the  methods  of  Kamerling,  and  she  furthermore  re- 
jects any  attempt  to  give  a  purely  physiological  definition  to  xerophily. 
In  such  rejection  she  would  doubtless  include  the  suggestion  of  Bakke' 
that  xerophily  be  defined  in  temis  of  the  transph-ing  power  of  leaves, 
as  measured  bj'  hygrometric  paper.  "It  is  clear,"  states  Miss  Delf, 
"that  xerophily  cannot  be  adequately  defined  m  tenns  of  habhat,  of 
anatomy,  or  of  physiology-  alone.  It  is  rather  a  natural  conception  in- 
volving the  total  reaction  of  plant  to  environment."  We  have  used 
the  term  "xerophj-te"  for  9.3  j'ears  and  are  now  attempting  to  sort  out 
the  particular  plants  which  belong  in  this  categoiy.  Kamerling  re- 
jected the  anatomical  claims  of  Casuarina  and  Sarolhamnus  scoparius 
as  xerophytes,  and  also  the  claims  of  mosses  and  lichens,  in  spite  of  their 
aliility  to  withstand  desiccat  ion  being  greater  than  that  of  any  flowermg 
plants.  ^liss  Dclf's  work  has  led  to  the  removal  of  the  halophytes 
from  their  former  place  among  xerophj-tes.  In  this  time-honored 
categorj'  are  still  to  be  found  the  desert  succulents  and  the  desert 
sclcrophylls  and  microphylls.  Enough  is  already  knowni  of  the  be- 
havior of  the  last-named  classes  of  plants  to  make  it  highly  irrational 
to  class  them  together  from  any  standpoint  except  that  of  a  com- 

'  Kamerling,  Z.,  VVelche  Pfianzcn  sollcii  wir  X'orophvleii  ncimcn?  Flora,  106: 
4.33-451,  1914. 

=  Delf,  K.  Marion,  The  Moaning  of  Xci()i)liily.     Jour.  Kcol.,  3:  110-121,  lOl.'). 

'  Bakke.  \.  L.,  Studies  on  the  'J'ranspiring  Power  of  Plants  as  Indicated  by 
the  Method  of  Standarrlized  Hygrometric  Paper.  Jour.  Kcol.,  2:  145-17."?,  1914. 
See  review  in  this  journal,  18:  222-224,  August,  1915. 
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muiiily  of  habitat.  The  question  that  sliould  bo  a,si<e(l  is  not  "which 
plants  shall  \vc  call  xerophytes,"  but  "what  do  wc  know  about  the 
l)hysioI()p;ical  bohavior  and  habital  irquircnumts  of  the  plants  of  arid 
habitats  and  of  other  plants  which  resemble  them."  Tlie  reviewer  ven- 
tures to  predict  that  as  we  come  to  know  more  about  the  comparative 
physiological  and  ecological  behavior  of  j)lants — depending  less  upon 
inferences  based  on  anatomy — we  will  have  use  for  the  tei-m  xerophj^e 
only  in  extremely  general  discussions  of  vegetation. — Forrest  Shreve. 

Plant  Life. — A  particularly  attractive  volume  for  the  amateur 
in  natural  science  has  been  produced  by  Mr.  Charles  A.  Hall  in  his 
Plant  Life.'  A  phylogenctic  order  of  treatment  embraces  the  entire 
range  of  cryptogamic  and  phanerogamic  plants;  and  some  of  the  best- 
known  facts  of  physiology,  paleontology  and  general  biology  are  intro- 
du(^ed  at  a]:)propriate  places  in  the  scheme.  The  tr(!atment  is  charac- 
terized throughout  by  an  enthusiasm  which  is  calculated  to  hold  the 
attention,  but  the  author  shows  no  desire  to  go  very  deeply  into  mat- 
ters of  cause  and  effect,  as  is  evident  in  the  discussion  of  insectivor- 
ous plants,  transpiration,  respiration,  and  some  other  subjects.  Thj 
book  is  calculated  to  serve  a  very  useful  purpose,  but  at  no  time  in 
its  perusal  will  the  reader  suffer  from  the  mental  exertion  of  following 
technical  details.  The  illustrations  are  very  nmnerous,  the  photo- 
graphs being  excellent  and  the  colored  plates  the  best  that  have  ap- 
peared in  any  recent  popular  botanical  work. — Forrest  Siireve. 

■  Hall,  Charles  A.,  Plant  Life.  Pp.  380,  figs.  80,  plates  74  (50  in  color).  Lon- 
don, A.  and  C.  Black,  1915  ($6.00). 
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At  the  suggestion  of  one  of  our  subscribers,  and  witli  tlie  encourage- 
ment of  several  other  persons,  The  Plant  World  announces  the 
offering  of  two  prizes  for  the  best  papers  embodying  original  work  in 
soil  physics.  The  first  prize  will  be  S50  and  the  second  S25,  with  the 
reservation  of  the  right  to  withhold  lioth  prizes  if  no  worth}'  papers 
are  submitted,  or  to  combine  the  prizes  for  the  rewarding  of  a  paper 
of  exceptional  merit.  The  conditions  governing  the  award  will  be 
similar  to  those  emploj'ed  in  connection  with  the  jirizes  for  papers  on 
the  water  relations  of  plants,  which  were  offered  hi  April,  1915.  The 
names  of  the  judges  who  will  appraise  the  submitted  papers  will  be 
announced  in  a  later  issue.  The  contesting  contrilnitions  should  be 
in  the  hands  of  the  Editor  of  The  Pl.\nt  World  l)y  Deceml)er  1,  1916, 
and  the  amiouncement  of  the  award  will  be  made  not  later  than  March 
1,  1917.  The  early  announcement  of  this  contest  is  made  in  the  hope 
that  an  entire  year  will  afford  time  for  a  vigorous  competition. 

In  the  second  Supplement  to  the  Monthly  Weather  Review  (>Sep- 
t^mber,  1915)  Professor  J.  Warren  Smith,  of  Columbus,  has  pulilished  an 
extensive  series  of  meteorological  data  and  phenological  observations 
made  at  Wauseon,  in  Northwestern  Ohio,  between  1873  and  1912  bj' 
Mr.  Thomas  Mikesell.  The  full  records  of  daily  minimum,  mean  and 
maxinmm  tcmi^ei'atures  and  of  daily  precipitation  have  been  published. 
The  phenological  data  comprise  ob.servations  on  16  kinds  of  wild  and 
garden  fruits,  on  20  crop  plants,  on  48  trees,  shrubs  and  vines,  and  on  114 
herbaeaous  plants.  Professor  Smith  has  already  published  a  paper  on 
the  effect  of  weather  on  the  yield  of  corn  (Monthly  Weatiier  Review, 
Februarj^  1914),  based  upon  Mr.  Mikesell's  records,  but  he  has  done 
nothing  more  in  the  present  paper  than  to  present  all  of  the  data  in 
a  concise  fonn.  A  record  of  such  vouchsafed  accuracy,  of  such  long 
duration,  and  covering  nearly  200  species  of  plants,  is  of  grc^at  value 
as  a  .source  of  material  for  investigating  the  relation  of  climalic  factors 
to  plant  activity. 

Another  paper  of  ])henological  interest  is  published  in  tlie  second 
Supplement  of  the  Weatiier  Review  by  Mr.  (leorgc  N.  Lamb,  of  the 
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Forest  Service.  He  has  constructed  a  calendar  of  the  leafing,  flower- 
ing and  seeding  of  some  72  trees  of  the  eastern  United  States.  These 
results  arc  ptesented  in  a  diagranmiatic  form,  and  in  such  a  manner 
as  to  show  the  dates  of  a  given  activity  in  the  northern  and  southern 
portions  of  the  range  of  a  ti-ee,  without,  however,  showing  the  dura- 
tion of  any  of  the  activities.  The  sources  of  information  and  the  con- 
ventions of  the  chart  are  fully  discussed  and  a  bibliogj-aphy  of  tree 
phenology  for  the  eastern  Ignited  States  is  appended. 

The  heavily  forested  jMjrtions  of  equatorial  Africa  form  a  rela- 
tivelj'  small  percentage  of  the  whole  area  of  that  continent.  It  is 
the  contention  of  Captain  V.  H.  Stigand,  writing  in  the  Ceographical 
Journal  (June,  1915),  that  the  pruuitive  agiicultural  methods  of  the 
natives  are  responsible  for  a  great  reduction  in  the  area  of  forest. 
The  fertility  of  newly  cleared  land  and  tlie  rapid  loss  of  this  fertility 
under  cultivation  are  responsible  for  continuous  encroachments  on  the 
forest.  The  abandoned  fields  are  occupied  by  grass  and  bush  and  are 
apparently  unable  to  revert  to  forest  so  long  as  the  forest  front  con- 
tinues to  be  attacked.  Several  lines  of  evidence  are  adducsd  by  Cap- 
tain Stigand  to  show  that  extensive  araas  of  forest  have  disappeared, 
probably  during  the  last  fiOO  years,  in  British  l'"ast  Africa,  in  Uganda, 
and  in  the  northern  portion  of  the  Congo. 

At  the  Philadelphia  meetuig  of  the  .\merican  Association  a  group 
of  men  hiteresled  in  ecology  met  mfonnallj'  to  consider  the  advisability 
of  organizing  an  American  Ecological  Society.  The  principal  incen- 
tives toward  the  formation  of  such  a  .society  are  the  desire  of  animal 
and  plant  ecologists  to  have  greatei-  contact  and  the  urgent  need  of 
surmner  field  meetings.  A  committee  was  appointed  to  prepare  a 
scheme  of  organization  and  to  call  a  nn>eting  of  all  ecologists  inter- 
ested in  the  proposed  society,  to  be  held  in  ( 'olumbus  during  convoca- 
tion week  in  Dec  ?mber  of  the  present  year.  Those  who  are  interested 
in  the  society  but  do  not  expect  to  attend  the  Columbus  meeting 
should  connnunicate  with  the  Secretary  of  the  organization  commit- 
tee, Dr.  II.  C.  Cowles,  T^niversity  of  Chicago,  Chicago,  lUinios. 
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EFFECT  OF  VANILLIN  AS  A  SOIL  CONSTITUENT 

J.  J.  SKINNER 
Department  of  Agriculture,  Washington,  D.C. 

INTRODUCTION 

The  effect  of  vanillin  on  plants  in  solution  cultures,  in  pot 
cultures,  and  in  field  plots  has  been  the  subject  of  an  investiga- 
tion by  the  laboratory  of  Soil  FertiUty  Investigations  which  was 
made  necessary  by  the  discovery  of  vanillin  in  soils.*  Vanillin 
has  the  characteristics  of  an  aldehyde,  and  exists  in  the  seeds, 
roots,  stem,  leaves  and  grain  of  many  plants. - 

It  is  harmful  to  wheat  seedlings  in  water  cultures,  even  in  such 
low  concentrations  as  a  few  parts  per  million,  and  the  plants  are 
killed  in  solutions  of  500  parts  per  million  in  a  few  days.^  The 
toxic  effect  is  less  marked  upon  the  tops  of  the  wheat  plants  than 
upon  their  roots.  \"anillin  is  also  harmful  in  nutrient  culture 
solutions  composed  of  calcium  acid  phosphate,  sodium  nitrate,  and 
potassium  sulphate.  It  is  an  oxidizable  substance  and  is  less 
haiTnful  in  solutions  of  some  of  these  nutrient  salts  than  in  others, 
especially  those  high  in  nitrate.^  Sodium  nitrate  and  calcium 
carbonate, 5  wliich  themselves  induce  oxidation,  ameliorate  the 
harmfulness  of  vanillin. 

The  isolation  of  vanillin  from  soils  and  its  harmfulness  to 
plants  in  aqueous  solutions  has  made  a  study  of  its  effect  in  soils 
and  under  field  conditions  essential.  The  results  of  such  experi- 
ments with  cowpeas,  garden  peas,  and  string  beans  will  now  be 

»Shorey,  E.G.,  Jour.  .\gr.  Res.,  1:  357,  1914. 

'  See  especially  Sullivan,  M.  X.,  Jour.  Ind.  Eng.  Choiu.,  6:  909,  1914. 
'  Schreiner,  Reed,  and  Skinner,  Bull.  47,  Bureau  of  Soils,  U.  S.  Dept.  .'\gr., 
1908. 

^  Schreiner  and  Skinner,  Bull.  77,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  1911. 
'  Schreiner  and  Reed,  Am.  Chem.  Soc,  30:  85,  1908. 
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given,  together  with  the  action  of  vanillin  on  clover  in  soil  in 
pots  and  with  wheat  plants  grown  in  several  soils  of  different 
characters. 

EFFECT  OF  VANILLIN  ON  SOILS  IN  POTS 

An  experiment  to  determine  the  effect  of  vanillin  on  clover  was 
made  by  growing  clover  in  Chester  loam  soil  in  large  pots.  Or- 
dinary clay  flower  pots  holding  6  pounds  of  soil  were  used.  One 
pot  was  untreated;  the  other  had  a  total  of  300  parts  per  million 
of  the  vanillin  added  to  it. 

When  the  soil  was  potted,  100  parts  per  million  of  the  vanillin 
were  added  and  clover  then  sown,  0.5  gram  of  seed  per  pot.  The 
clover  was  sown  April  12,  and  came  up  well.  On  April  28,  50 
parts  per  milhon  of  vanillin  were  added  in  solution  through  a 
funiiel  passing  into  the  soil  nearly  to  the  bottom  of  the  pot,  thus 
avoiding  dii-ect  contact  with  the  tops  or  roots  of  the  clover.  In 
May  15,  on  June  1  and  again  on  June  10,  50  parts  per  million 
were  added,  making  the  total  appUcation  300  parts  per  million. 
The  (experiment  was  discontinued  June  21,  1912. 

The  effect  of  vanillin  was  noticeable  from  the  first.  The 
harmful  effect  is  shown  by  comparing  the  untreated  pot  and  the 
vanillin-treated  pot  shown  in  figure  1 .  The  vanillin-treated  plants 
were  normal  in  appearance  but  stunted  in  growth.  The  green 
weight  taken  at  the  temnination  of  the  experiment  was  8  grams 
from  the  untreated  pot  and  only  3.8  grams  from  the  vanillin- 
treated  pot,  a  decrease  of  53%. 

The  soil  used  in  this  experiment  was  a  soil  of  moderate  pro- 
ductiveness, and  vanillin  applied  to  it  at  different  periods  of  the 
growth  of  the  plants  was  distinctly  harmful.  Other  experiments 
were  made  to  test  the  effect  of  different  amounts  of  vanillin  in 
several  soils,  each  having  difTerent  properties  and  being  of  differ- 
ent geological  origin.  In  the  following  experiments  wheat  was 
used  as  the  test  crop  and  the  total  application  of  vanillin  was 
made  before  the  soil  was  potted  and  seeds  planted. 

In  this  experiment  the  effect  of  vanillin  in  several  soils  was 
studied  by  growing  wheat  in  pots.  The  soils  used  were  infertile 
Florida  sand,  an  infertile  sample  of  Susquehanna  .sandy  loam. 
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and  a  good  sample  of  Hagerstown  loam.  The  jxaraffined  wire 
pot  method"  was  used,  six  wheat  plants  were  grown  in  each  pot, 
and  two  pots  were  used  for  each  treatment.  The  plants  grew 
from  May  5  to  May  24.  Photographs  of  the  growing  plants 
were  taken,  which  show  the  action  of  vanillin  in  each  soil.  At 
the  end  of  the  experiment  the  green  weight  was  determined. 

The  Florida  sand  used  in  this  experiment  had  grown  citrus 
fruits  in  the  field  and  was  unproductive.  A  laboratory  exami- 
nation showed  the  soil  to  be  acid.     \'anillin  was  isolated  from 


« 


Fig.  1.    Effect  of  \-anilliii  on  clover.     (No.  1,  Soil  untreated.    2,  Soil  i)lus 

vanillin.) 

this  soil  ill  the  investigations  referred  to  above.  The  Suscjue- 
hanna  sandy  loam  was  taken  from  an  infertile  area  in  Maryland. 
The  natural  growth  on  this  soil  was  poor,  and  its  response  to 
fertilizer  and  cultural  treatments  was  only  moderate.  Its  oxi- 
dizing power  and  life  activities  were  found  ti>  be  very  weak. 
The  Hagerstown  loam  is  a  fertile  soil.  Th(>  soil  was  taken  from 
a  productive  field  of  the  Pennsylvania  Agricultural  Experiment 
Station.  The  .soil  is  neutral  in  reaction,  has  strong  oxidizing 
power,  and  grows  thrifty  plants  in  jiots. 

•  Cir.  18,  Bureau  of  Soils. 
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Vanillin  was  used  in  amounts  of  100  to  500  parts  per  million. 
It  was  applied  to  the  soil  by  dissolving  in  water  and  mixing  the 
solution  in  the  soil  before  potting.  The  results  of  the  experiment 
on  the  effect  of  vanillin  in  the  Florida  sand,  Susquehanna  sandy 
loam,  and  Hagerstown  loam  are  given  in  table  1.  The  actual 
green  weight  of  the  plants  grown  in  the  two  pots  are  given  for 
each  treatment  and  the  relative  weight  with  the  growth  in  the 
imtreated  soil  taken  as  100. 


TABLE  1 


Effect  of  vanillin  on  wheal  plants  in  pots  groxtm  in  Florida  sand,  Susquehanna  sandy 
loam,  and  in  Hagerstuwn  loam 


TREATMENT 

FLORIDA 

yellow  sand 
(infertile  sand) 

81SQDEBANNA 

8.VNDV   LOAM 
(cSPnODCCTIVE 

SOIL) 

HAOEBSTOWN 

LOAM 
fpnODCCTIVE 

SOIL) 

Green 
weight 

Relative 
weight 

Green 
weight 

Relative 
weight 

Green 
weight 

Relative 
weight 

grams 

1.40 
1.32 
1.32 
1.35 
1.20 
1.18 

100 
94 
94 
98 
86 
84 

grams 

1.80 
1.85 
1.70 
1.33 
1.30 
1.02 

100 
103 
94 
74 
72 
57 

grams 

1.98 
1.87 
2.02 
2.05 
1.96 
1.95 

100 

Soil  +  100  p.p.m,  vanillin 

Soil  4-  200  p.p.m.  vanillin 

Soil  +  300  p.p.m.  vanillin 

Soil  +  400  p.p.m.  vanillin 

Soil  -1-  500  p.p.m.  vanillin 

94 

102 

103 

99 

99 

The  vanillin  was  quite  harmful  in  amounts  of  400  and  500 
parts  per  million  in  the  Florida  sand  and  was  only  moderately 
hamiful  in  amounts  of  100  to  300  parts  per  million.  With  the 
Susquehanna  sandy  loam  the  \-anillin  reduced  growth  consid- 
erably when  applied  at  the  rate  of  300,  400,  and  500  parts  per 
million.  It  was  slightly  harmful  with  100  and  200  parts  per 
million.  Vanillin  had  no  harmful  effect  in  the  Hagerstown  loam 
— two  of  the  treatments  were  slightly  above  the  check  and  three 
slightly  below.  The  growth  in  the  untreated  soil  of  the  Hagers- 
town loam  was  better  than  in  the  Susquehanna  sandy  loam  and 
considerably  better  than  in  the  Florida  sand. 

It  is  seen  from  this  experunent  that  vanillin  is  harmful  in  two 
of  the  soils  and  has  no  effect  in  the  third.  Vanillin  is  easily  oxi- 
dized and  changed  under  favorable  conditions,  and  if  this  took 
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place  the  action  on  plant  growth  would  not  be  noticeable.  In 
as  much  as  the  Florida  sand  was  found  to  contain  vanillin  when 
sent  in  from  the  field  it  was  to  be  expected  that  vanillin  would 
persist  in  this  soil,  that  added  vanillin  would  not  be  changed  and 
would  remain  as  such  to  have  its  effect  on  plants  grown  in  the 
soil.  The  Susquehanna  sandy  loam  is  also  a  soil  having  small 
oxidizing  power  and  low  life  activity,  and  added  quantities  of 
vanillin  apparently  remained  as  such  and  had  their  effect  on 
plant  growth.  The  Hagerstown  loam  is  a  soil  of  entirely  differ- 
ent characteristics,  being  highly  productive,  which  indicates  good 
life  activities  and  good  oxidizing  power.  Vanillin  when  added 
does  not  have  harmful  effects  on  plants  grown  in  the  soil,  as  it 
probably  does  not  remain  in  this  soil  as  such,  but  is  changed  or 
destroyed  by  the  oxidation  which  is  going  on  in  soils  of  this 
character. 

In  order  to  study  further  the  action  of  vanilUn  in  soils  and  its 
bearing  on  soil  fertility,  the  effect  of  vanillin  under  field  condi- 
tions was  tested  in  plots.  Three  leguminous  crops — cowpeas, 
string  beans,  and  garden  peas — were  grown  to  maturity  in  this 
experiment,  with  the  following  results : 

EFFECT  OF  VANILLIN  ON  COWPEAS,  STRING  BEANS.  AND  GARDEN 
PEAS  GROWN  IN  THE  FIELD 

The  effect  of  vanillin  in  soils  under  field  conditions  was  tested 
on  plots  at  the  experiment  farm  of  the  Agricultural  Department 
at  Arlington,  Virginia.  Three  crops  were  grown,  namely,  cow- 
peas,  string  beans,  and  garden  peas.  These  experiments  were 
made  during  the  summer  of  1913.  The  treated  plot  was  adjoined 
on  each  side  bj'  an  untreated  plot  growing  the  same  crop.  Each 
plot  was  8^  feet  square,  or  one-fourth  of  a  square  rod.  The  soil 
on  which  these  experiments  were  made  is  a  silty  clay  loam,  low 
in  organic  matter.  The  ground  is  level  and  has  surface  drain- 
age. The  soil  throughout  these  plots  and  their  controls  is  uni- 
form, so  the  results  secured  should  not  be  considered  as  unduly 
influenced  by  irregularities  due  to  non-uniformity  of  the  soil  in 
different  plots.  The  soil  is  of  an  acid  nature.  The  land  was 
plowed  early  in  May  and  prepared  for  seeding. 


rig.  2.     Effect  of  vanillin  on  cowpeus  in  the  field. 


FiK.  3.     Effect  of  vanillin  on  garden  peas  in  the  field. 


Fig.  4.    Effect  of  vanillin  on  string  beans  in  the  field. 
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Four  applications  of  vanillin  were  made.  The  first  on  May 
20,  one  day  before  the  planting  of  seed.  The  other  three  appli- 
cations were  made  periodically  duruig  the  growth  of  the  crops — 
^lay  28,  June  5,  and  June  24.  The  vanillin  was  applied  by  dis- 
solving in  water  and  sprinkling  the  solution  uniformly  on  the 
surface  of  the  ground  before  planting,  after  which  the  soil  was 
raked  thoroughly.  The  remaining  applications  were  made  after 
planting  by  sj^rinkling  the  solution  between  the  rows  of  plants, 
the  soil  being  subsequently  cultivated.  The  total  application 
was  at  the  rate  of  284  pounds  per  acre,  in  four  equal  parts. 


TABLE  2 


Yield  of  cowpeas,  garden  peas  and  string  beans  as  affected  by  vanillin  in  the  field 

(yield  per  plot) 


COWPE.\S 

G.^RDEN    PEAS 

STRING    BEANS 

TRKATMtINT 

Xiaea 

Pods 

Vines 

Peas 

Vines 

Green 

Cured 

Check  a 

PouTids 

2S.0 
23.0 

pounds 

10.0 
8.5 

pounds 
6.6 
5.6 

pounds 

1.72 
1.50 

pounds 

1.66 
1.48 

pints 

4.50 
4.00 

pounds 

3. 55 
2.94 

pounds 

1.90 
1.66 

pint  a 

4  75 

Check  b 

4  15 

Average  check 

Vanillin 

25.5 
17.0 

9.3 

5.7 

6.1 
4.0 

1.61 
1.12 

1.57 
1.14 

4.25 
3.00 

3.24 
2.71 

1.78 
0.55 

4.45 
1.50 

Difference 

8.5 

3.6 

2.1 

0.49 

0.43 

1.25 

0.53 

1.23 

2.95 

The  crops  germinated  luiiformly.  The  effect  of  the  vanillin 
was  noticeable  from  the  beginning  and  throughout  the  experi- 
ment. The  growth  was  stunted,  though  the  plants  grew  slowlj^  to 
maturity,  and  were  harvested.  The  three  crops  were  sown  on 
their  resj^ective  plots  May  21.  The  cowpeas  were  harvested 
September  27,  the  garden  peas  had  matured  by  June  30,  and 
were  harvested  on  that  date,  and  the  string  beans  were  harvested 
July  22.     The  yields  of  the  various  plots  are  given  in  table  2. 

An  examination  of  tlie  tal)le  shows  that  \-anillin  checked  growth 
and  materially  lessened  the  yield,  with  each  of  the  crops.  In  the 
case  of  the  cowpeas  there  was  a  reduction  of  33%  of  green  vines 
and  399ri  of  cured  hay.     The  garden  peas  were  reduced  30%,  in 
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vinos  ;uul  20'^f,  in  marketable  peas.  The  striuj?  beans  were  re- 
duced iT'/c  in  vines  and  ()9'^ci  in  beans.  It  was  noticeable  that 
the  cowpeas  growing  on  the  vanillin-treated  plot  had  a  pale  yel- 
low color,  and  were  weaker  than  on  the  check  plot. 


Fig.  5.  Yield  of  cowpeas,  garden  peas,  and  string  beans  on  check  plot  and 
vanillin-treated  plot. 

•  (1)  Cowpea  vines,  (2)  pods  on  check  plot;  (3)  cowpea  vines,  (4)  pods  on  vanil- 
lin plot;  (5)  garden  pea  vines,  (6)  pods  on  check  plot;  (7)  garden  pea  vines,  (8) 
pods  on  vanillin  plot;  (9)  string  bean  vines,  (10)  beans  on  check  plot;  (11)  string 
bean  vines,  (12)  pods  on  vanillin  plot. 

The  croi)s  were  pliotographed  in  tlie  (>arly  stages  of  their 
growth,  and  are  shown  in  figures  2,  .3  and  4.  In  each  figure  the 
first  four  rows  are  growing  on  the  i)lot  to  which  vanillin  was 
added  and  the  last  four  rows  are  the  check  plot.     Figure  2  shows 
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the  effect  of  the  vanilHn  on  cowpeas,  figure  3  on  garden  peas,  and 
figure  4  on  string  beans.  The  photographs  show  that  even  at 
this  early  stage  of  growth  each  of  the  crops  is  retarded  by  vanillin. 
When  the  crops  were  harvested  the  vines  and  pods  from  each 
plot  were  piled  separately,  and  photographed  together  with  the 
yield  from  one  of  its  check  plots.  It  is  also  shown  here  in  the 
case  of  each  crop  that  the  vanillin  treated  plots  yielded  much 
less  than  the  untreated  soil.  These  photographs  are  shown  in 
figure  5. 

PRESENCE  OF  VANILLIN  AND   ITS   EFFECT  IN  THE  SOIL  SIX 
MONTHS  AFTER  APPLICATION 

The  question  of  the  length  of  time  the  vanillin  would  persist 
in  the  Arlington  soil  and  have  an  influence  on  its  crop-producing 
power  has  also  been  investigated  bj'  a  chemical  study  in  the 
laboratory  and  by  pot  tests.  Samples  of  soil  for  these  purposes 
were  obtained  from  the  plots  the  last  of  November,  six  months 
after  the  substance  was  applied,  and  after  it  had  matured  a  crop. 
The  soils  were  examined  for  vanillin  by  the  method  already  de- 
scribed by  Shorey.^  The  method,  in  brief,  consists  of  making 
an  alkaline  extract  of  the  soil.  The  extract  is  acidified  and  fil- 
tered and  then  shaken  out  with  ether.  The  aldehyde  is  re- 
moved from  the  ether  by  sodimn  bisulphide  solution,  acidified, 
and  the  liberated  aldehyde  again  taken  up  in  ether.  The  ether 
extract  obtained  by  this  process  will  contain  aldehydes  if  present 
in  the  soil.  \"anillin  was  found  to  be  present  in  each  of  the  soils 
from  the  plots  to  which  the  substance  had  been  applied  six  months 
previously. 

Pot  tests  were  made  in  the  soil  from  these  plots,  in  order  to 
determine  if  the  vanillin  still  had  an  effect  on  growtli.  In  these 
experiments,  which  were  conducted  by  growing  wheat,  cowjieas, 
garden  peas,  and  beans  in  small  paraffined  wire  pots,  it  was 
found  that  each  of  the  vanillin-treated  pots  produced  poorer 
wheat  than  soil  from  the  check  plots.  Wheat  was  reduced  in 
growth  26^f,  in  the  soil  from  the  vanillin  plot  which  grew  cowpeas 

'  Jour.  Aur.  Researcli,  1:  '.inT,  lilll. 
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in  the  field,  25%  in  the  treated  soil  which  grew  garden  peas  in 
the  field,  and  29*;^  in  the  treated  soil  whieh  grew  string  beans  in 
the  field. 

Cowpeas  growing  in  pots  in  the  soil  which  grew  cowpeas  in 
the  field  made  29'''c  less  growth  in  the  soil  ti-eated  with  vanillin 
than  in  the  soil  from  the  check  plot,  (larden  peas  in  the  soil 
from  the  vanillin-garden  pea  field  plot  also  made  29%  less  growth 
than  in  soil  from  the  check  plot,  and  string  means  made  ()^c  less 
growth  in  the  soil  from  the  vanillin-string  bean  plot  than  in  soil 
from  its  check  plot. 

The  vanillin  was  still  harmful  to  the  respective  crops  six  months 
after  its  application,  and  after  it  had  produced  the  same  crop  in 
the  field.  These  experiments  show  that  vanillin  persists  in  this 
heavy  siltj^  clay  loam  soil  and  afTects  its  fertility  for  a  considerable 
length  of  time. 


AN   INVESTICxATION   OF  THE   CAUSES   OF 

AUTONOMIC   MOVEMENTS   IN 

SUCCULENT  PLANTS 

EDITH    BELLAMY    SHREVE 
Tucson,  Arizona 

(Concluded) 

II. 

Livingston  and  Brown^  found  that  in  the  climate  of  southern 
Arizona  (the  habitat  of  the  plants  used  in  this  research)  "green 
plants  when  subjected  to  relatively  great  diurnal  evaporation 
intensity,  at  least  frequently,  exhibit  a  marked  fall  in  foliar  mois- 
ture content  by  day  and  a  corresponding  rise  by  night."  They 
found  this  true  for  several  species  of  thin-leaved  plants  and  for 
one  succulent,  Trianthema  portulacastrum.,  but  failed  to  find  it 
in  two  species  of  thick  leaved  xerophytes  {CoviUea  glulinosa 
and  Prosopis  velutina).  However,  the  present  author^  found 
it  for  Parkinsonia  microphylla,  which  is  a  very  thick  leaved 
perennial.  Lloyd^  found  the  same  result  with  leaves  of  Fou- 
quieria  splendens  and  working  with  cut  shoots  of  the  same 
species  on  burettes,  he  obtained  a  difference  between  water  in- 
take, as  measured  by  the  burette,  and  transpiration  loss,  as  meas- 
ured })y  loss  of  weight,  which  was  negative  for  the  day  and  posi- 
tive for  the  night.  In  order  to  test  the  matter  for  this  cactus 
experiments  9  and  10  were  carried  out. 

*  Livingston,  B.  E.  and  Brown,  W.  H.,  Relation  of  the  daily  march  of  trans- 
piration to  variations  in  the  water  content  of  foliage  leaves.  Bot.  Gaz.  53: 
309-.330,  1912. 

'  Shreve,  E.  B.,  The  daily  march  of  transpiration  in  a  desert  perennial.  Car- 
negie Inst.  Wash.  Pub.  No.  194,  1914. 

'  Lloyd,  F.  E.,  The  relation  of  transpiration  and  stomatal  movements  to 
the  water  content  of  leaves  of  Fouquieria  splendens.  The  Plant  World  16:  1-14, 
1912. 
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ExPEItlMKNT   fl. 

Object:  (1)  An  investigation  of  the  changes  in  turgidity  between  day  and 
night,  as  measured  by  the  difference  between  water-intake  at  the  roots  and  water- 
loss  by  transpiration  for  the  same  period.  (2)  A  comparison  of  the  changes  in 
turgidity  with  the  movements  of  the  joints. 

TABLE  7 

Experiment  9.    Correlation  of  movements  of  Oputitia  and  water-content  of  the 

tissues 


WATER-CONTENT 


Gain       Loss 


Up        Down 


Plant  No.  13 


June  28,  6  p.m. 
June  29,  6  a.m. 
June  29,  G  p.m. 
June  30,  0  a.m. 
June  30,  0  p.m. 


{jrnms 

grams 

cc. 

cc. 

cm. 

cm. 

(irams 

0.20 

0.02 

0.00 

0.24 

0.0 

0.5 

0.77 

0.11 

o.n 

0.00 

0.00 

0.1 

0.0 

0.18 

0.38 

0.04 

0.00 

0.34 

0.0 

1.1 

0.67 

0.11 

0.34 

0.23 

0.00 

1.0 

0.0 

1.36 

D 


Plant  No.  H 


June  28,  6  p.m. 
June  29,  6  a.m. 
June  29,  6  p.m. 
June  30,  6  a.m. 
June  30,  6  p.m. 


July  1 , 
July  .5, 
July  6, 
July  6, 
July  7, 
July  7, 


G  a.m.. 
7  p.m.. 
7  a.m.. 

6  p.m.. 

7  a.m.. 
6  p.m.. 

July  11,6  a.m. 


0.55 

0.42 

0.00 

0.13 

0.0 

5.8 

0.77 

0.14 

0.14 

0.00 

0.00 

0.0 

0.0 

l.CS 

0.33 

0.27 

0.00 

0.06 

0.0 

2.8 

0.67 

0.07 

0.20 

0.13 

0.00 

5.2 

0.0 

1.36 

0.21 

0.07 

0.00 

0.14 

0.0 

0.6 

0.46 

0.14 

0.02 

0.00 

0.12 

0.0 

0.7 

0.46 

0.96 

O.ol 

0.00 

0.45 

CO 

19.9 

4., 50 

0.62 

0.87 

0.25 

0.00 

6.9 

0.0 

1.14 

O.Sl 

0.33 

0.00 

0.48 

0.0 

7.8 

4.95 

0.94 

2.04 

1.10 

0.00 

21.8 

0.0 

1.77 

■ 
■ 
■ 


*  T  =  total  transpiration  for  the  period  indicated. 
A  =  total  absorption  for  the  period  indicated. 
E  =  water  loss  per  hour  from  standard  atmometer. 


Material:  Plants  Nos.  13  and  14.  No.  13  had  been  growing  in  the  open  until 
a  month  before  the  time  of  the  experiment,  when  it  was  cut  off  just  above  the 
roots  and  placed  with  its  lower  end  in  a  bottle  of  water.  As  soon  as  a  Large  fibrous 
root  system  had  developed  in  the  water  the  plant  was  considered  ready  for  use. 
No.  14  was  a  two  year  old  individual  which  had  been  raised  from  seed  in  the 
green-house.  It  was  removed  from  the  bed  with  a  large  fleshy  root  intact  and 
placed  with  its  roots  in  a  second  bottle  of  water.    Many  of  the  small  roots  were 
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broken  at  the  time  of  removal  from  the  soil  but  measurements  were  not  begun 
until  an  abundant  supply  of  fibrous  roots  had  been  formed. 

Method:  Nos.  13  and  14  were  sealed  in  separate  bottles  in  the  following  way. 
Each  bottle  w-as  completely  filled  with  water.  A  rubber  stopper  containing 
three  holes,  one  for  the  plant  stem,  one  for  a  burette  and  one  for  a  thermometer, 
was  cut  into  two  pieces  and  then  forced  into  place  around  the  woody  part  of  the 
stem  until  the  system  was  air-tight.  The  water  in  the  burette  rose  above  the 
general  level  and  was  adjusted  to  a  convenient  height.  The  burette  was  of  nar- 
row diameter,  being  graduated  to  0.01  cc.  with  a  possibility  of  readings  being 
estimated  to  0.001  cc. 


Pl*nt   lo.    14, 


A_A 


Jj-.      e.        Jan.    .5. 


Fig.  7.  Correlation  of  movements  of  joints  and  changes  in  turgidity  of  the 
plant.  Solid  line,  movements.  Broken  line,  water-content  changes.  June  28 
to  July  I,  evaporation  of  average  intensity.  July  1-3,  evaporation  of  unusually 
high  intensity.  Two  lowest  graphs  indicate  temperature  and  light  conditions. 
See  experiment  9. 


At  the  beginning  and  end  of  each  period  the  entire  bottle  with  the  plant  was 
weighed  for  the  determination  of  the  loss  from  transpiration.  Atmometers 
of  the  Livingston  type  were  used,  for  the  measurement  of  evaporation.  In 
order  to  determine  the  amount  of  water  taken  up  by  the  roots,  the  height  of  the 
liquid  in  the  burette  was  read  at  each  period  and  the  difference  between  the  read- 
ings, after  it  was  corrected  for  contraction  and  expansion  of  volume  due  to  tem- 
perature changes,  represented  the  amount  of  water  absorbed  by  the  roots. 

The  correction  for  expansion  and  contraction  was  found  by  means  of  two 
control  bottles  of  the  same  capacity  as  the  ones  containing  the  plants.  These 
bottles  were  filled  with  water  and  fitted  up  in  all  respects  like  the  ones  holding 
the  plants.  By  means  of  twenty  readings  extending  over  several  days  the  amount 
of  change  in  volume  per  degree,  for  the  temperatures  used,  was  found  from  meas- 
urements of  the  changes  in  height  of  the  water  in  the  burettes  and  of  the  corre- 
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spoiuliiiK  temperature  chanRes.  The  twenty  readings  ahowed  a  maximum  differ- 
ence of  4'  r  in  tlie  value  of  the  change  of  volume  per  degree.  A  correction  fac- 
tor of  0.1.57  cc.  per  degree  was  found  by  averaging  twenty  readings.  At  each  read- 
ing for  the  water-intake  of  the  plant,  the  temperature  of  the  water  was  read  and 
thus  the  total  amount  of  temperature  change  for  the  period  found.  The  change 
in  volume  per  degree,  as  determined  above,  was  then  multiplied  by  the  number 
of  degrees  of  change  the  water  had  undergone  and  this  correction  subtracted 
from  the  total  change  in  level.  The  tables  contain  the  corrected  amount  of  water 
absorbed. 

The  difference  between  absorption  and  transpiration  gives  the  gain  or  loss  in 
water-content  of  the  plant.  These  changes  in  water-content  have  been  plotted 
and  appear  in  figure  7.  A  convenient  point  on  the  paper  was  selected  to  repre- 
sent the  original  water-content  and,  using  this  as  a  starting  point  for  plotting 
the  losses  or  gains,  each  new  loss  or  gain  was  measured  from  the  point  immediately 
preceding  it.  Measurements  of  the  positions  were  made,  as  formerly,  with  a  meter- 
stick. 

Results:  From  table  7,  it  is  seen  that  under  average  evaporative  intensity 
and  with  the  normal  day  to  night  changes  in  light  intensity  and  air  temperature 
the  plants  lose  more  wafer  at  night  than  they  take  up  at  the  roots,  and  in  the  day 
they  take  up  more  than  they  lose  by  transpiration.  This  means  nothing  else 
than  that  the  turgidityof  the  plant  increases  during  the  day  and  decreases  during 
the  night.  Simultaneous  measurements  of  the  position  of  joints  show  that  in- 
creased turgidity  is  accompanied  by  a  rise  and  decreased  turgidity  by  a  drop  of 
the  joint. 

The  measurements  taken  on  July  5-6,  under  increased  evaporative  conditions 
show,  as  in  experiment  7,  that  the  movements  for  day  and  night  have  been  reversed 
and,  what  is  more  important,  the  results  of  these  days  show  that  the  turgidity 
changes  still  parallel  the  movements. 

Thus  the  evidence  is  that  the  short  period  movements  are  the  direct  result  of 
turgidity  changes.  In  order  to  gain  further  proof  of  this  fact  the  same  kind  of 
measurements  were  taken  in  the  next  experiment  by  different  methods. 

ExPEniMENT   10. 

Object:  The  simultaneous  measurement  of  water-content  changes  and  the 
movement  of  joints. 

Material:  Plants  Nos.  30,  31,  32,  and  34.  They  varied  in  age  from  about  three 
to  eight  years.  All  were  transplanted  from  the  open  about  eight  weeks  before 
the  beginning  of  the  experiment.  They  became  well  established  in  their  new 
environment,  as  was  shown  by  the  considerable  growth  they  made.  During  the 
experiment  their  pots  were  kept  saturated  with  water. 

Method:  The  movements  were  measured  by  means  of  automatic  pen  tracings 
on  a  drum.  Figure  9  shows  the  details  of  the  arrangement.  The  apparatus  has 
been  described  in  a  slightly  different  form  by  MacDougal'  and  has  recently  been 
used  by  him  for  the  growth  measurements  of  Platyopuntias,  with  the  lever  arm 
resting  directly  upon  the  joints.  In  order  to  adopt  the  apparatus  to  the  measure- 
ment of  the  movements  it  was  necessary  to  make  the  lever  which  touches  the  joints 
longer  than  the  pen  lever,  in  order  to  reduce  the  magnitude  of  the  movement 

'  MacDougal,  D.  T.,  Practical  text-book  of  plant  physiology.  (Longmang 
Green  and  Co.),  p.  291. 
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enough  to  get  the  whole  tracing  on  the  drum.    These  tracings  have  been  reduced 
and  appear  in  figure  8. 

The  measurement  of  water-intake  and  out-go  was  made  by  a  method  devised 
bv  Briggs  and  Shantz*  for  the  determination  of  the  wilting  point  of  succulent 
plants.  Briefly,  the  method  consists  in  balancing  the  plant  upon  a  knife  edge 
which  is  fastened  at  the  juncture  of  pot  and  plant.  The  system  is  balanced  in  a 
horizontal  position  by  means  of  a  movable  screw;  and  then  immediately  returned 
to  a  vertical  position,  where  it  remains  until  the  close  of  the  period  considered. 
At  this  time  its  point  of  equilibrium  is  again  tested  in  the  horizontal  position. 
The  pot  is  sealed  so  that  it  can  lose  no  water  except  to  the  plant.  As  the  plant 
loses  water  through  transpiration,  water  moves  from  the  soil  and  replaces  that 
lost  by  the  plant  and  the  pot  side  of  the  system  becomes  lighter  and  rises.  This 
process  is  repeated  as  often  as  the  system  is  restored  to  equilibrium  by  means 


Jii.n.    3>.      Jan.    iX. 


8.    Correlation  of  movements  of  joints  and  turgidity  changes  in  the 
Broken  line,  water-content  changes.    Two  low- 
See  experiment  10. 


Fig 
plant.     Solid  line,  movements, 
est  graphs  indicate  temperature  and  light  conditions 


of  the  movable  screw.  If  the  plant  does  not  obtain  enough  water  to  replace  the 
loss  from  transpiration  the  aerial  side  of  the  system  will  rise.  The  authors  state 
that  by  determining  the  loss  in  weight  from  the  entire  system  on  a  pair  of  bal- 
ances and  comparing  this  with  the  weight  which,  when  placed  at  the  center  of 
pot  or  aerial  part  of  the  plant,  will  restore  equilibrium,  absorption  and  trans- 
piration can  be  separated.  This  is  true  provided  the  conducting  system  is 
able  to  pass  up  the  water  as  fast  as  the  roots  take  it  in. 

The  calculation  is  not  quite  so  simple  as  might  be  supposed  from  the  author's 
statement.  Furthermore,  the  accuracy  of  the  results  is  limited  by  the  fact  that 
an  estimation  of  the  center  of  transpiration  loss  must  be  made,  and  this  involves 
two  sources  of  error,  the  first  being  that  it  must  be  assumed  that  all  of  the  upper 
part  of  the  plant  transpires  at  the  same  rate,  and  the  second  that  there  is  difficulty 

'  Briggs,  L.  J.  and  Shantz,  II.  L.,  The  wilting  coefficient  for  different  plants 
and  its  indirect  determination.  Dept.  Agr.  Bur.  Plant  Ind.  Bull.  No.  230,  pp. 
47-51. 
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in  dctormininp;  the  volumetric  center  of  the  aerial  parts.  It  is  possible  to  find  a 
probable  niaxiinnm  error  by  supposing  the  center  of  transpiration  which  is  se- 
lected, to  be  wrong  a  given  proportion  of  the  longdi  of  the  plant,  first  in  one  direc- 
tion and  then  in  the  other. 

An  e.\aniplc  will  best  illustrate  the  method  of  calculation.  From  table  S  it  is 
found  that  Plant  No.  30,  the  centers  of  whose  pot  and  aerial  parts  are  .5.5  cm. 
and  15  cm.  from  the  knife  edge,  showed  the  following  readings  on  the  night  of 
June  22-23.  At  8.51  p.m.  the  system  was  balanced  by  means  of  the  screw  and 
then  weighed  as  a  whole  on  balances.    At  8.29  a.m.  the  next  morning  the  plant 


Fig.  9.  Apparatus  used  for  the  determination  of  transpiration  and  absorp- 
tion in  experiment  10.  At  the  left  may  be  seen  the  device  for  automatically 
recording  the  movements  of  joints. 

was  taken  from  the  dark  room  and  again  placed  in  a  horizontal  position,  resting 
upon  its  knife  edge.  The  plant  rose  so  that  no  point  of  equilibrium  could  be 
found,  showing  that  the  plant  had  lost  more  water  than  it  had  gained  from  the 
soil  during  the  night.  When  3.5  grams  were  placed  on  the  pointer  at  a  distance 
of  5.5  cm.  from  the  knife  edge  the  system  was  restored  to  equilibrium.  The  bal- 
ances .showed  that  the  system  had  lost  5.5  grams  during  the  period.  If  the  equa- 
tion a  =  a  represents  the  condition  of  equilibrium  at  8.51  p.m.  and  x  the  amount 
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TABLES 

Experiment  10.     Correlation  of  movements  of  Opuntia  and  water-content  of  tissues 

T  =  total  transpiration  for  the  period  indicated.    A  =  total  transpiration  for 
the  period  indicated.    E  =  water  loss  per  hour  from  standard  atmometer. 


MAXIMUM 

ERROR  FOR 
A 


WATER-CONTENT 


Gain 


Loss 


Plant  No.  SO 


June  20,  8  p.m. 
June  21,  8  a.m. 


June  21,  12  m.. , 
June  21,  4  p.m. 
June  21,  9  p.m. 

June  22,  S  a.m. 

June  22,  12  m... 

June  22,  7  p.m. 

June  23,  7  a.m. 

June  23,  12  m.. 

June  23,  4  p.m. 


3.6 

1.2 
0.9 

0.8 

5.5 
0.9 
1.2 

1.5 
0.8 


3.3 

2.0 
0.5 
1.0 

3.1 

1.8 

2.3 

1.5 
0.9 


rams 

+0.1 

-0.05 

±0.2 

±0.1 

±0.1 

+  0.4 

-0.7 

±0.2 

+  0.4 

-0.2 

+0.3 

-0.03 

±0.04 

0  0 

0.8 
0.0 
0.2 


0.3 

0.0 
0.4 
0.0 


0.0 

2.4 

0.9 

0.0 

1.1 

0.0 

0.0 

0.0 

0.1 

0.0 

PlatH  Xo.  SI 


June  20,  8  p.m.. 
June  21,  8  a.m.. 

June  21,  12  m. . 

June  21,  4  p.m.. 
June  21,  7  p.m.. 


5.1 

0.5 

0.7 
0.4 


3.2 

2.4 

2.7 
0.0 


+  0.3 
-1.1* 
+0.7 
-1.1 
±0.4 
±0.02 


0.0 

1.9 

2.0 
0.0 


1.9 

0.0 

0  0 
0.4 


Plant  No.  SB 


June  23,  8  p.m. 
June  24,  8  a.m. 


June  24,  12m.. 
June  24,  4  p.m.. 
June  24,  7  p.m.. 
June  24,  11  p.m. 


3.4 

5.3 
3.4 
5.4 
0.5 


8.0 

3.8 
1.8 
4.4 
0.5 


+  0.2 
-0.4 
+0.8 
-0.2 
±0.2 
+0.8 
-0.2 
±0.06 


4.6 

0.0 
0.0 
0.0 
0.0 


0.0 

1.5 
I  G 
10 
0.0 
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TABLE  8— Continued 

T 

A 

MAXIMUM 

KIlROKKOIl 

A 

WATEK-COKTKNT 

TIMB 

(tiiin 

Loaa 

Plant  No.  3$- 

-Continued 

Juno  2"),  ')  :i.in.,  ,                     

June  25,  9  a. in 

June*  25,  r>  p.ni 

gra  ms 

4.5 

3.2 

10.2 
3.6 
7.3 
2.5 

grams 
2.0 

6.1 

9.6 

2.8 
4.9 
2.5 

grams 

/+0.8 

i-0.5 

/+0.5 

\-0.3 

±0.1 

±0.1 

±0.3 

gramti 
1    0.0 

>    2.9 

0.0 
0.0 
0.0 
0.0 

Uramn 

2.5 

0.0 
0.6 

0.8 

Juno  26    o  fi.ni.           

2.4 

June  26.  7  a.m 

0.0 

Plant  No.  34 


Juno  20, 

June  21, 

June  21, 
June  21, 
June  21, 

June  22, 

June  22, 

June  22, 

June  23, 

June  23, 

June  23, 


8  p.m. 
8  a.m. 


12  m.. 
4  p.m. 
9  p.m. 

8  a.m. 

12  m.. 

7  p.m. 
7  a.m. 
12  m  . 
4  p.m. 


3.0 

1.2 
0.9 

0.8 

5.5 
0.9 
1.2 


3.3 

2.0 
0.5 
1.0 

3.1 

1.8 
2.3 


+0.1 
-0.05 
±     0.2 
±0.1 
±0.1 

/+o,-i 

1-0.7 

±0.2 

f+0.4 

I -0.2 

Condensation  of  water  vapor  on  pots 
/+0.3 


0.0 

o.s 

0.0 
0.2 

0.0 

0.9 

1.1 


1.5 
O.S 


1.5 
0.9 


\-0.03 
±0.4 


0.0 
0.1 


0.3 

0.0 
0.4 
0.0 

2.4 

0.0 

0.0 

0.0 
0.0 


in  ({ranis  transferred  from  pot  to  aerial  part  of  the  plant  during  the  night  than  at 
8.29  a.m.    the   condition   of   equilibrium   will    l)e   represented   by   the  equation 

(I  -  X  (5.5)  =  o  +  X  (15)  4-  3.5  (5.5)  -  5.5  (15) 
X  =  3.1 

That  is,  transpiration  was  2.5  grams  greater  than  ahsorlilion.  In  the  above  cal- 
culat  ion  the  weight  i.s  in  every  ease  multiplied  by  its  distance  from  tlie  knife  edge. 
The  maximum  error  for  this  plant  was  calculated  by  considering  the  estimated 
center  to  be  5  cm.  wrong  first  to  the  right  and  then  to  tlie  left .  Thus  a  total  error 
is  calculated  which  allows  for  an  error  in  the  center  of  the  transpiring  parts 
amounting  to  one-third  of  the  length  of  the  plant. 

A  few  minor  clianges  were  made  in  the  form  of  tlie  apparatus  as  described  by 
Briggs  and  Shantz.    The  apparatus  used  in  the  present  work  is  shown  in  figure  9. 
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The  devise  for  fastening  the  knife  edge  to  the  pot,  which  is  shown  in  the  illustra- 
tion, was  found  to  be  much  more  satisfactory  than  the  cement  sealing  recommend- 
ed by  the  authors.  The  glass  pots  used  by  these  same  authors  were  not  suitable 
for  the  present  work.  Consequently,  the  plants  were  allowed  to  become  estab- 
lished in  galvanized  iron  cylinders  in  the  bottoms  of  which  holes  were  punched 
for  drainage.  At  the  time  of  the  experiment  the  bottoms  of  the  cylinders  were 
sealed  with  galvanized  iron  caps  held  in  place  and  made  airtight  by  plastocene. 
The  sealing  for  the  tops  of  the  pots  was  made  with  heavy  cardboard  cut  to  fit 
and  made  airtight  by  a  thick  layer  of  plastocene.  A  rubber  stopper  was  fastened 
with  wire  around  the  woody  base  of  the  plant  so  that  the  plastocene  might  not 
come  in  contact  with  the  plant  surface.  All  plastocene  was  completely  covered 
with  tin-foil,  in  order  to  avoid  errors  from  dust,  knocks  etc. 

Results:  The  same  facts  appear  as  in  former  experiments  (1)  Under  normal 
conditions,  the  plant  loses  more  water  at  night  than  it  absorbs,  and  in  the  day 
time  it  absorbs  more  than  it  loses.  This  means  that  its  turgidity  is  less  at  night 
than  in  the  day  time.  (2)  In  all  cases  lessened  turgidity  is  accompanied  by  a  down- 
ward movement  of  joints  and  increased  turgidity  by  an  upward   movement. 

The  agreement  of  the  results  from  this  experiment  with  those  obtained  in 
experiment  9,  where  the  actual  amount  of  water  absorbed  by  the  roots  was  meas- 
ured directly,  shows  the  correctness  of  the  assumption  made  above,  namely, 
the  conducting  tissue  must  be  able  to  pass  up  water  as  fast  as  it  is  absorbed  by 
the  roots.  Consequently  the  amounts  under  the  heading  A  in  table  7  are  a  true 
approximation  of  the  water  absorbed  b}'  the  plant. 

Although  it  is  aside  from  the  subject  considered  in  this  paper' 
it  seems  worth  noting  that  this  last  experiment  shows  that  when 
wilting  point  determinations  of  cacti  are  made  by  the  Briggs 
and  Shantz  method,  care  must  be  taken  that  readings  are  made 
at  the  corresponding  hour  each  day,  since  any  reading  taken 
for  an  interval  in  which  the  night  occupied  the  greatest  jiart  of 
the  period  might  show  an  apparent  wilting  point  when  the 
plant  was  still  obtaining  its  normal  amount  of  water  from  the 
soil. 

Such  changes  in  turgidity  as  the  last  experiments  have  shown 
to  exist,  would  probably  cause  both  longitudinal  and  radial 
expansion  and  contraction  of  joints.  Some  joints  are  for  a 
time  in  a  vertical  position  and  at  that  time  show  no  upward  and 
downward  movement.  Joints  in  a  vertical  position  were  chosen 
as  subjects  on  which  to  detect  contraction  and  expansion.  Meas- 
urements of  length  with  a  meter  stick  and  of  diameters  with  a 
vernier  caliper  gijve  no  evidence  of  such  changes;  but  the  auto- 
matic method  of  magnification  used  in  the  next  experiment 
showed  them  clearly. 
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Fig.  10.     .\  tlevico  for  automatically  measuring  radial  expan.siiiii   and   con- 
traction of  joints.     See  experiment  11. 


Experiment  U. 

Object:  The  discovery  of  any  longit\idinal  and  radial  contraction  which  may 
take  place  from  day  to  night,  under  normal  conditions. 

Malcriril:  Plants  Nos.  IS  and  19.  They  were  both  potted  plants  having  verti- 
cal joints.  Xo.  18  had  a  joint  which  was  grown  in  the  green-house  and  No.  19 
had  made  its  entire  growth  in  the  open. 

Method:  The  apparatus  which  was  used  is  shown  in  figure  10,  where  it  is  in 
the  position  to  measure  radial  expansion  and  contraction.  The  part  of  the 
joint  immediately  opposite  the  point  of  contact  of  the  lever  which  moves  the 
recording  pen,  was  imbedded  in  a  plaster  of  paris  jacket,  so  that  it  might  be  held 
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in  place  firmly.  For  the  measurement  of  the  longitudinal  changes  the  end  of 
the  curved  lever  was  bent  up  until  it  rested  in  the  same  horizontal  plane  with 
the  pen  and  its  end  then  placed  on  the  tip  of  the  joint. 

Results:  The  records  from  the  tracings  have  been  transferred  to  coordinate 
paper  and  appear  in  figure  11.  The  recording  pen  magnified  the  changes  about 
three  times  and  the  actual  maximum  difference  is  size  between  day  and  night 
was  about  0.15  cm.  in  both  the  radial  and  longitudinal  directions. 

All  of  the  records  show  an  expansion  for  the  day  and  a  contraction  for  the 
night.    The  changes  on  cloudy  days  were  less  than  on  bright  days. 


B 


Pen  trace. 


niiA     nj\f\      jvn^     ^"^-' 


Apr.    24 

Apr.     25 

Fig.  11  A.  A  copy  of  an  automatic  pen  trace  (topmost  curve)  showing  radial 
contraction  and  expansion  of  a  joint.    See  experiment  11. 

Fig.  11  B.  A  copy  of  an  automatic  pen  trace  (topmost  curve)  showing  longi- 
tudinal expansion  and  contraction  of  a  joint.  Two  lowest  graphs  indicate 
temperature  and  light  condition.s.     See  experiment  11. 


Direft  doterminations  of  the  water-content  were  attempted 
by  heating  joints  to  constant  weight  at  100°C.  and  calculating 
the  original  water-content  per  gram  of  dry  weight.  The  individ- 
ual variations  of  the  joints  were  so  great  that  any  day  to  night 
changes  were  masked.  However,  the  results  of  experiments  10 
and  1 1  show  that  a  difference  in  water-content  does  exist  and  there 
is  no  need  of  further  proof  that  turgor  is  greatest  in  the  ihiy 
time  when  normal  conditions  exist.  Thus  the  shorter  period 
movements,  as  well  as  the  longer  ones,  have  been  shown  to  be 
due  to  turgor  changes. 
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What  factors  cause  the  day  to  night  turgor  changes,  i.e.,  why 
the  difference  between  absorption  and  transpiration  is  positive 
in  the  day  and  negative  at  night  is  of  course  another  question. 
The  author  is  now  at  work  upon  these  more  furuhuiieiifal  causes 
and  will  rejiort  ujion  the  progress  of  the  work  at  uii  early  date. 

That  the  phenomena  which  have  been  studied  in  Opuntia 
versicolor  are  practically  luiiversal  for  Opuntia  seems  probable 
from  measurements  which  have  been  made  on  other  species. 
The  seasonal  movement  has  been  observed  in  the  following: 
Opuntia  fusicaulis,  0.  fulgida,  0.  mamillaia,  O.  tetracantha,  O. 
arbuscula,  O.  leptocauHs,  O.  bigeloiii,  all  of  the  cylindrical  form, 
and  in  0.  leans,  0.  blakeana,  0.  lii-iguiforynis,  0.  fusicaulis,  and 
0.  monacantha,  of  the  flat-jointed  type.  The  day  to  night  move- 
ment has  been  measured  on  0.  lepticaulis,  0.  fusicaulis,  and 
0.  mnnacnntha  and  found  to  be  the  same  as  for  0.  versicolor. 

SUMMARY 

(1)  Twelve  species  of  Opuntia  and  also  Carnegiea  gigantea, 
have  been  found  to  show  seasonal  movements  of  stems  and 
branches,  which  consist  of  a  drop  during  desiccation  and  a  rise 
during  recovery.  These  movements  have  been  correlated  with 
turgidity  changes. 

(2)  The  form  of  the  acUdt  cactus  plant  and  the  position  of  its 
branches  is  determined  by  the  water  relations  existing  dvu'ing 
the  period  of  growth  and  secondary  thickening  of  its  various 
parts  and  not  by  anj'  peculiarities  residing  in  its  growing  point 
or  in  its  mode  of  initiating  branches. 

(3)  Opuntia  versicolor,  O.  fusicaulis,  and  0.  leptocaulis  were 
measured  for  the  investigation  of  a  short  period  movement  which 
is  shown  to  consist  of  an  upward  movement  during  the  day 
and  a  downward  one  at  night,  when  normal  conditions  of  tem- 
perature, light  intensity,  soil-water  content,  and  evaporative 
power  of  the  air,  exist. 

(4)  A  detailed  studj^  of  Opuntia  versicolor  showed  that  this 
short  period  movement  is  influenced  by  tem])erature,  light  in- 
tensity, evaporative  power  of  the  aii-.  and  the  water-content  of 


AUTONOMIC   MOVEMENTS   IN   SUCCULENTS  343 

both  soil  and  plant  tissues.     The  influence  of  these  factors  is 
indirect  and  acts  through  other  intermediate  processes. 

(5)  The  day-to-night  movements  have  been  shown  to  be 
caused  directly  by  turgidity  changes. 

(6)  Opuntia  versicolor  is  less  turgid  at  night  than  in  the  day 
time  as  is  shown  by  the  fact  that  the  plant  absorbs  more  water 
through  its  roots  in  the  day  time  than  it  loses  by  transpiration, 
and  at  night  loses  more  than  it  absorbs.  This  is  the  opposite 
of  the  behavior  shown  by  all  non-succulents  which  have  been 
studied. 


BOOKS  AND  CURRENT  LITERATURE 

Chemistry  of  Colloids. — The  want  of  a  text  book  of  colloids  in 
English  lias  been  long  felt  and  much  discussed.  Recently  Dr.  W.  W. 
Taylor  of  Edinburgh  University  has  been  moved  to  supply  it  and  his 
volume,  issued  early  in  this  year,  is  at  hand.'  The  work  is  most  credi- 
table. In  aim  and  content  it  stands  between  the  admirable  but  brief 
treatment  of  Hatschek-  and  the  larger  detailed  treatises  of  Freundlich,^ 
Oswald"  and  Zsigmondy.'  For  the  colloid  specialist  these  latter  works 
will  remain  indispensible.  The  greatest  usefulness  of  Dr.  Tajdor's 
volume  will  be  in  the  hands  of  those  workers  in  chemistry,  Inology  and 
adjoining  fields  who  are  finding  more  and  more  necessarj'  some  knowl- 
edge of  colloids  and  their  behavior.  For  the  needs  of  these  readers 
the  book  is  a  model  of  selection  and  condensation  and  the  well  chosen 
references  to  original  literature  furnish  ample  guides  when  more  de- 
tailed information  is  necessary. 

The  book  is  in  four  parts.  First  are  163  pages  devoted  to  the  gen- 
eral properties,  behavior  and  relations  of  colloidal  systems.  Following 
are  56  pages  on  the  preparation  of  typical  colloids,  especially  the 
metallic  sols.  The  directions  are  detailed  and  practical  and  will  be 
most  helpful  to  those  inexperienced  in  the  difficult  art  of  preparing 
stable  colloidal  solutions.  The  third  part,  of  42  pages,  discusses  adsorp- 
tion and  surface  phenomena  in  general,  excluding,  however,  any  spe- 
cific treatment  of  catalysis  at  surfaces.  The  fourth  and  last  part  (56 
pages)  is  devoted  to  applications  of  colloid  chemistry  and  includes 
chapters  on  casein,  soaps  and  other  semi-colloids;  on  the  phenomena 
and  theories  of  dyeing;  on  tanning,  the  colloids  of  the  soil  and  the 
purification  of  waste  waters  and  sewage;  and  on  the  applications  of 
colloid  chemistry  to  biology. 

'  Taylor,  W.  W.,  The  Chemistry  of  Colloids.  Pp.32S.  New  York,  Longman 
Green  and  Company,  1915. 

'  An  Introduction  to  the  Physics  and  Chemistry  of  Colloids.  Pp.  87.  Phila- 
delphia, 1(11.3. 

'  KapiUarclicmic.     Pp.  565.     Leipzig,  1909. 

'  C.rundiii.ssder  Kolloidchemie,  2nd  edition.     Pp.329.     Dresden,  1911. 

'  Kolloidchemie.     Pp.  281.     Leipzig,  1912. 
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Two  sections  of  this  fourth  pint  are  of  especial  interest  to  readers 
of  these  columns:  the  paragraph  on  soil  colloids  and  the  discussion  of 
applications  to  biology.  The  former  is  very  short  (3  pages)  and  can- 
not be  commended.  There  are  assumed  without  argument  the  con- 
ception of  humus  as  a  definite  colloidal  substance  and  the  idea  of  the 
usual  existence  of  colloidal  (gel)  silica  in  the  soil,  from  both  of  which 
assumptions  the  i-eviewer  vigorously  dissents.  Under  the  applications 
of  colloid  chemistry  to  biologj'  Dr.  Taylor  discusses  the  equilibrium 
between  blood  and  oxygen;  enzj'mes  and  the  colloidal  "inorganic  fer- 
ments" of  Bredig;  the  phenomena  of  bacterial  agglutination;  and  the 
relations  of  toxins  and  antitoxins.  To  the  biologist  the  treatment  of 
all  of  these  subjects  ("except,  perhaps,  the  ox.ygenation  of  the  blood) 
will  seem  sketchy  and  without  proper  perspective.  Dr.  Taylor's  touch 
is  here  far  less  sure  than  in  his  treatment  of  the  subject  matter  of 
colloid  chemistry  proper.  One  gathers  that  he  has  been  interested 
rather  in  finding  biological  illustrations  of  colloid  principles  than  in 
securing  from  colloid  chemistry  aid  in  the  solution  of  biologic  prob- 
lems. One  misses,  also,  any  treatment  of  the  swelling  and  shrinking 
of  organic  gels — of  imbibition  and  the  water  relations  of  living  matter 
and  the  associated  non-living  tissues.  It  would  be  too  much  to  expect 
the  detailed  discussion  of  these  matters  in  a  volume  of  the  restricted 
size  and  scope  of  Dr.  Taj'lor's,  but  it  is  to  be  hoped  that  the  examina- 
tion and  presentation  of  this  important  and  disputed  subject  will  be 
undertaken  soon  bj^  some  biological  colloid  chemist  or  some  "colloidal" 
biologist. 

In  the  reviewer's  opinion  Dr.  Taylor's  book  is  to  be  recommended 
to  biologists  not  because  of  what  it  says  of  biology  but  because  of  what 
it  says  of  colloid  chemistry.  Nevertheless  it  is  to  be  recommended 
and  that  most  insistently.  If  it  accomplishes  nothing  else  its  perusal 
may  induce  biologists  to  refrain  from  ascribing  to  convenient  "colloidal" 
actions  all  phenomena  which  they  fail  to  understand. — E.  E.  Free. 


NOTES  AND  COMMENT 

The  Editor  of  Science  includes  in  botany  forty  of  the  doctorates  con- 
fcrnnl  by  Aniorican  T'nivorsitios  in  1915  (Sciences  42:  555,  1915),  but 
the  following  Hst  is  intended  to  comprise  the  titles  which  inaj'  be  con- 
sidered appropriate  for  review  in  botanical  journals,  of  which  there  are 
forty-five  as  ajiainst  a  corrected  estimate  of  thirty-eiffht  in  1914.  Some 
of  the  titles  arc  coiiiprehrnsive  and  indicate  subjects  which  pertain  to 
more  than  one  of  the  main  divisions  of  botany,  but  al)out  twenty- 
three  appeal'  to  be  of  a  ])iiysi()lon;ica]  character,  seven  morphojojiical 
and  embryological,  six  pathological,  five  ecological,  two  taxonomic, 
and  two  genetical.  The  relative  interest  in  the  various  phases  of 
botany  is  well  illustrated  by  these  figures.  It  is  notable  that  all  of  the 
five  doctorates  from  Washington  University  are  in  the  botanical  list, 
indicative  of  the  activity  of  the  Missouri  Botanical  Garden  in  pro- 
moting research  in  the  institution  with  which  it  is  allied.  If  the  experi- 
ence of  i)revious  years  is  to  be  taken  as  an  index  inanj^  of  these  theses 
will  not  reach  publication  for  several  months,  and  may  be  held  for  a 
few  years  before  being  [)ut  into  piint.  An  effort  will  be  made  to  col- 
lect information  concerning  their  jiublication. 

CORXKLL    tTNIVKRSITV 

Elmer  Eugene  Barker.  Heredity  Studies  in  the  Morning  Glory  (Ipomea 
purpurea) . 

Harry  Phillip  Brown.    Growth  Studies  in  Forest  Trees. 

Leonard  Aniby  .Maynard.    The  Fixation  of  Nitrogen  by  Sweet  Clover. 

George  Adin  Osner.     Leaf  Smut  of  Timothy. 

James  Kemp  Plummer.  The  Effect  of  0.\ygen  and  Carbon  Dioxide  on  Xitri- 
fication  and  .Vniraonification  in  Soils. 

William  Jacob  Rol)bins.    Digestion  of  Starch  by  Penicillium  {Camemberiii). 

.Joseph  Rosenbaum.    The  Phytophthora  Disease  of  Ginseng. 

Constantine  Demctry  Shcrbakoff.     P'usaria  of  Potatoes. 

James  Kennith  Wilson.  Physiological  Studies  of  Bacillus  radicola  of  Soy 
Bean  (Sojus  max  Piper)  and  of  Factors  influencing  Nodule  Production. 

UNIVERSITY    OF    CHICAGO 

Hanna  Caroline  .Vase.  Vascular  .Vnatomy  of  the  "Megasporophyll"  in 
Conifers. 
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Joseph  Stuart  Caldwell.  A  Study  of  the  Effects  of  Certain  Antagonistic 
Solutions  upon  the  growth  of  Zea  Mays. 

Hermann  Bacher  Deutsch.  Effect  of  Light  upon  the  Germination  of  the 
Spores  of  the  True  Ferns. 

James  Frederick  Groves.     Life  Duration  of  Seeds. 

Andrew  Henderson  Hutchinson.     Fertilization  in  Abies  balsamea. 

Eva  Ormenta  Schley.  Physical  and  Chemical  Changes  Involved  in  Geo-pre- 
sentation  and  Geo-reaction. 

James  Pahn  Stober.  A  Comparative  Study  of  Winter  and  Summer  Leaves  of 
Various  Herbs. 

WASHINGTON    UNIVERSITY 

Alva  Raymond  Davis.    Enzyme  Action  in  the  Marine  Algae. 

William  Harrison  Emig.  The  Occurrence  in  Nature  of  Certain  Fungi  Patho- 
genic for  .Man  and  the  Higher  Animals. 

Joseph  Charles  Oilman.  Cabbage  Yellows  and  the  Relation  of  Temperature 
to  Its  Occurrence. 

Melvin  Clarence  Merrill.  The  Electrolytic  Determination  of  Exosmosis  from 
the  Roots  of  Plants  Subjected  to  the  Action  of  Various  Agents. 

Lee  Oras  Overholts.     Comparative  Studies  in  the  Polyporaceae. 

UNIVERSITY    OF   ILLINOIS 

Demetrius  Ion  Andronescu,  The  Phy.siology  of  the  Pollf-n  of  Zca  Mays  with 
Special  Regard  to  Vitality. 

William  Leonidas  Burlison.  Availal)ility  of  Mineral  Phosphates  for  Plant 
Nutrition. 

Fred  Weaver  Muncie.  The  Effect  of  Large  Applications  of  Commercial  Ferti- 
lizers upon  Carnations. 

George  Leo  Peltier.     Parasitic  Rhizoctonias  in  America. 

THE    .JOHNS    HOPKINS    UNIVERSITY 

Grace  .Vdclaide  Dunn.  .\  Study  of  the  Development  of  Ilalosaccion  rament- 
aceum . 

Forraan  Taylor  McLean.  A  Preliminary  Study  of  Climatic  Conditions  in 
Maryland  as  Related  to  the  Growth  of  Soy  Bean  Seedlings. 

John  Wesley  Shive.  A  Study  of  Physiological  Balance  in  Nutrient  Media 
Resulting  in  a  Simplified  Culture  Solution  for  Plants. 

UNIVERSITY    OF   PENNSYLVANIA 

John  Young  Pennypacker.  Observations  on  the  Beacli  Plum.  A  Study  in 
Plant  Variation. 

David  Walter  Steckbeck.  Comparative  Histology  and  Irritability  of  Sensi- 
tive Plants. 

Hcber  Wilkinson  Youngken.  The  Comparative  Morphology,  Taxonomy  and 
Distribution  of  the  Myricaceae  of  the  Eastern  United  Slates. 
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univp:rsitv  op-  California 

Richards  Morris  Ilolman.  The  Orientation  of  Terrestrial  Roots  with  Par- 
ticular Reference  to  the  Medium  in  Which  They  Are  Grown. 

Harry  Stanley  Yates.  The  Comparative  Histology  of  Certain  California 
Boletaceae. 

COLUMBIA    UNIVERSITY 

Arthur  Pcrrival  Tanberg.     Experiments  on  tlic  Amylase  of  Aspergillus  Orygal. 
Arttiur  Waldorf  Spittell  Thomas.    The  Influence  of  Certain  Acids  and  Salts 
upon  the  Activity  of  Malt  Amylase. 

UNIVERSITY    OF   NEBRASKA 

Richard  Hans  Boerker.    Ecological  Investigations  with  Certain  Forest  Trees. 
Clarence  Jerome  Elmore.    The  Diatoms  (Bacillarioidcae)  of  Nebraska. 

YALE    UNIVERSITY 

Isaac  Faust  Harris.  Chemical  and  Physiological  Studies  of  the  Castor  Bean 
and  Soy  Bean. 

Henry  Daggett  Hooker,  Jr.     Thermotropism  and  Hydrotropism. 

BRO'W'N    UNIVERSITY 

Benjamin  Samuel  Levine.  The  Removal  of  Natural  Impurities  of  Cotton 
Cloth  by  Action  of  Bacteria. 

CATHOLIC    UNIVERSITY 
Daniel  Da  Cruz.    A  Contribution  to  the  Life  History  of  Lilium  lenni folium. 

HARVARD    UNIVERSITY 
Guilford  Bevil  Reed.    Studies  in  Plant  Oxidases. 

INDIANA    UNIVERSITY 
Fermen  Layton  Pickett.    Arisaema  Iriphyllum .    A  Biological  Study. 

UNIVERSITY   OF   MICHIGAN 

Adrian  John  Pieters.  The  Relation  between  Vegetative  Vigor  and  Repro- 
duction in  Some  Saprolegniaceae. 

UNIVERSITY    OF   WISCONSIN 
Howard  Edward  Pulling.    The  Movement  of  Water  in  Aerated  Soils. 

D    T.  MacDougal. 
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Miss  Lucy  E.  Cox,  of  Graystoke  Place  Training  College,  London, 
has  written  a  brief  but  excellent  Experimental  Plant  Physiolog}^  for 
Beginners  (Longmans  Green  and  Company,  1915).  The  book  is  de- 
voted solely  to  the  description  and  discussion  of  some  69  experunents, 
all  of  which  are  simple,  to  the  point,  and  capable  of  being  performed 
with  inexpensive  equipment.  The  experiments  are  chiefly  along  the 
familiar  lines  but  are  not  without  touches  of  originality,  especially  with 
regard  to  the  simplification  of  apparatus.  It  is  unfortunate  that  a 
book  for  beginners  should  allude  to  "the  breathmg  of  plants."  The 
usual  elementary  course  in  plant  physiology  is  so  largely  concerned 
with  the  mere  externals  of  plant  activity  that  it  is  well  worth  while 
not  to  get  them  involved  in  analogies  with  the  externals  of  animal 
functions. 

Prof.  Edward  A.  White,  of  Cornell  Universitj',  has  contributed  to 
the  Rural  Text-Book  Series  a  volume  on  the  Principles  of  Floricul- 
ture (Macmillans,  1915).  Every  phase  of  commercial  floriculture  is 
treated,  from  the  construction  and  heating  of  greenhouses  to  the  ship- 
ment and  sale  of  plants  and  cut  flowers.  The  proper  handling  and 
propagation  of  plants,  the  preparation  of  soil,  the  proper  control  of 
temperatures,  and  the  elimination  of  disease  are  among  the  numerous 
topics  which  are  treated  in  a  thorough  and  scientific  manner. 
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